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RADIO 


While it is one of the newest branches of elec- 
trical work, radio has, during the past very few 
years, grown to such a tremendous size that it offers 
one of the greatest fields of intensely interesting 
and highly profitable work for the trained electrical 
man. 

There are many millions of radio receivers of 
various types in use in homes in this country alone, 
and new ones are being made and sold at the rate 
of several million per year. The installation and 
servicing of these sets, as well as the repairing and 
remodeling of older types, creates splendid oppor- 
tunities for practically trained radio service men, 
working for dealers, or operating a business of their 
own with an agency for some good set, and doing 
service and repair work for their customers. 

A great number of trained men are also required 
for inspection, test, and research work in the fac- 
tories where these sets are made. 

Radio receivers are also becoming a very popular 
addition to the modern automobile and, within the 
next few years, there will be several million of these 
sets sold and installed, thus creating more jobs for 
the service man. 

At this point we wish to emphasize that the field 
of radio service work is one of the most profitable 
branches of work that the trained radio man can 
take up, and offers more numerous opportunities 
in most any part of the country than do some other 
branches of radio. 

There are also many splendid opportunities for 
radio operators in broadcasting stations, commer- 
cial land stations, aboard ships, on passenger air- 
craft, at airports, etc. These jobs provide very 
fascinating work and pay good salaries to properly 
trained men who operate, adjust, and service the 
transmitting equipment, and in some cases send 
code messages where radio telegraph is used. 

Modern hotels and apartment buildings are very 
often equipped with elaborate radio service to all 
of the rooms, and require a vast system of wiring, 
outlets, controls, and amplifiers which must be in- 
stalled and then maintained and serviced by prop- 
erly trained radio men. 

Public address systems with their powerful am- 
plifers and huge speakers are becoming very com- 
mon and are extensively used in schools, auditor- 
iums, theatres,-and other public buildings, and at 
outdoor sports and exhibits. 

Installing, operating, and servicing this equip- 
ment creates another profitable field for radio men. 

Talking picture equipment in movie studios and 
in the thousands of theatres throughout the country 
also use radio amplifiers, microphones, speakers, 
etc., similar to radio equipment, and any man with 


a good knowledge of practical electricity and radio 
can easily understand and handle this equipment. 


Then there is the much newer field of television, 
which is growing and developing at a tremendous 
rate, and creating an enormous demand for service 
men with a good knowledge of radio amplifiers and 
equipment, and a knowledge of the operating prin- 
ciples, care, and adjustment of television apparatus. 
This branch offers some of the most fascinating and 
profitable work in the radio field, and men who get 
a good understanding of this equipment and get 
started in this branch at the present time have open 
to them the same marvelous opportunities that men 
commencing in the radio field ten years ago had. 


Keep well in mind that radio is not an altogether 
separate subject from electricity, but is merely 
another application of electricity to a different use, 
and in circuits using high frequency alternating 
current as well as direct current. 


Your general knowledge of electricity and elec- 
trical equipment obtained this far in your course, 
and the study of this set combined with the careful 
study of the radio material covered in this section, 
and the shop practice you can obtain in the Radio 
Department, should qualify you very well for most 
any branch of radio work that you might care to 
undertake. In fact you will be much better quali- 
hed because of your general knowledge of elec- 
tricity than anyone could be by taking only special 
radio training which did not include general ground 
work of the laws, principles, and applications of 
electricity. 


It is not the purpose of this Section to cover a 
great deal of design theory or highly technical prob- 
lems, but instead it will cover the general nature 
and principles of radio transmission and reception ; 
and the operation, care, and servicing of radio re- 
ceivers and amplifiers in particular. 


In addition to the opportunities offered in em- 
ployment by various radio manufacturers and 
dealers, shipping organizations, commercial land 
Stations, broadcasting stations, aviation interests, 
theatres, etc., remember also that radio offers 
some of the finest opportunities for a man who 
wishes to build up a small business of his own, be- 
cause it requires very little capital and equipment 
to start a radio service shop, and your general 
knowledge of electricity and radio should make you 
very capable in selling, installing, and servicing any 
ordinary type of radio equipment. 


Many of our graduates are operating very profit- 
able businesses of this kind, and many others are 
making good money in radio as a side line from 
their regular employment. 
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This photo shows a large modern broadcast transmitter used to transmit popular programs of entertainment and educational material, 


(Photo courtesy of WMAQ—Daily News Station—Chicaga.) 


1. BRIEF HISTORY OF RADIO 
DEVELOPMENT 


The term Radio is a rather new one, developed 
within the past ten or twelve years, and applies par- 
ticularly to the general radiation or broadcasting 
of messages and radio entertainment and education, 
the word itself coming from the word radiate. 


Before 1920 when radio broadcasting began to 
get its start the term wireless was used. almost en- 
tirely with reference to such equipment. 


The first known attempts at wireless communi- 
cation were made by Professor Steinheil of Munich, 
Germany, in about 1837. Approximately thirty 
years later, between 1860 and 1870, a famous mathe- 
matician in England named Maxwell proved by 
theoretical analysis and calculations that wireless 
communication was possible, but Maxwell did not 
put his ideas into practical operation. 


The next development along this line was made 
by Heinrich Hertz of Germany, who within a few 
more years discovered and established the various 
laws of electric wave transmission, or transmission 
of energy through the atmosphere without wires. 
The laws established by Hertz are still used and 
found dependable today, so Hertz is often called 
the founder or inventor of wireless. 


Due to his early death, Hertz was unable to com- 
plete his work and put his discoveries into actual 
practice, but very shortly afterward Marconi suc- 
cessfully accomplished the first wireless communi- 
cation, thus completing the work started by Hertz 
and also proving that such communications were 
possible over great distances. For this reason 
Marconi is also often called the father or inventor 
of wireless. 

In early years wireless communication messages 
were sent from point to point by means of code sig- 
nals, using the same general principles of transmis- 
sion and reception as are used today, but with much 
cruder and more elementary types of equipment. 

The first highly valuable use of wireless was to 
establish means of communication between ships 
and land stations, from one ship to another, and 
particularly for sending distress signals in case of 
a ship in trouble. This is still one of the very valu- 
able and extensive uses of modern radio equipment. 

The first transmission of wireless energy was ac- 
complished by means of what was called a Spark 
Transmitter. These transmitters made use of a 
high-voltage spark or arc across a pair of adjustable 
electrodes, to set up high frequency current or 
oscillations in a local condenser and inductance coil 
circuit, and also in the aerial and ground circuit. 
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Fig. 2. Console type of radio receiver with automatic tuning feature. 
Thousands of these sets are in use in homes throughout the country. 
(Photo courtesy of Zenith Radio Corp.) 


This high frequency energy in the aerial circuit 
sets up combined electro-static and electro-magnetic 
waves of energy which were transmitted a consid- 
erable distance through the air, of course becoming 
weaker and weaker as the distance from the trans- 
mitter is increased. 

An ordinary telegraph key was used to interrupt 
or break up this energy into dots and dashes. or 
code signals. These signals were then picked up at 
a distance by another aerial and detected by means 
of a coherer, or device somewhat similar to the 
crystal detectors with which many of you are 
familiar. 


The coherer consisted of a small tube of insulat- 
ing material filled with small particles or filings of 























Fig. 3. Automobile radio with shielded conductors for preventing in- 
ductive interference from the car ignition system. Millions of auto- 
mobiles will soon be equipped with radios of this or similar types. 

(Photo courtesy of American Bosch Magneto Corp.) 


iron or magnetic material, which had a tendency 
to draw and cling together when current impulses 
were passed through them, thus increasing and de- 
creasing the resistance of a local battery and head- 
phone circuit in which they were connected. 

In this manner the very feeble signals picked up 
by the aerial and applied to the coherer caused its 
resistance to vary and produce a sort of valve ac- 
tion, which set up current impulses from the local 
battery through the headphones, thus making audi- 
ble signals. Vig. 7 shows a sketch of an early device 
of this type. 

In this figure small metal plates “C” and “CI” 
are used for the radiating and collecting system in- 
stead of using aerials and grounds. A simple set up 
of this type will actually send enough energy 
through a space of 5 to 50 feet to operate a bell by 
means of a sensitive relay. Signals can be heard in 
headphones a much greater distance. 

With this type of wireless transmitting and re- 
ceiving equipment signals could be successfully 
transniutted and received only a very short distance. 

A little later the crystal detector came into use 
and, being much more sensitive to feeble electric 
impulses, made possible the detection of signals 
over distances of quite a few miles. 





Fig. 4. This view shows a radio receiver installed in a mail plane, for 


use in receiving weather reports and instructions from ground sta- 
tions. (Photo courtesy of National Air Transport Co.) 


In the early part of this twentieth century came 
the invention of the vacuum tube, and its develop- 
ment and perfection made possible wireless tele- 
phony or voice transmission in addition to code sig- 
nals. The vacuum tube also made possible broad- 
casting and reception of radio entertainment and 
education as we know it today. 

It was not until about 1920 that this means of 
radio transmission and reception became popular 
for the purpose of entertainment, thus making a 
general demand for radio equipment in the homes 
throughout the country, and making much more 
efficient and popular the equipment used for send- 
ing commercial messages and radio telephone con- 
versations. 
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2. WAVE FORM ENERGY 

As radio signals are transmitted through space by 
energy in wave form, it is very important in begin- 
ning the study of radio to first obtain a general 
knowledge of wave form energy and how it is pro- 
duced and transmitted. 

Almost everyone has seen waves in water, set up 
by wind or by dropping some object into it. These 
waves represent traveling energy as can be ob- 
served from the way they will bob a small boat up 
and down, or even rock a large steamer. The small 
circular waves set up by dropping a stone in a pond, 
and which radiate outward in all directions from 
the source gradually dying out in the distance, are 
very illustrative of the nature of radio waves set up 
bv a transmitting antenna. 





Fig. 5. Side view of a spark transmitter such as formerly used very 
extensively in ship radio installations. (Photo courtesy of Radio- 
marine Corp. of America.) 


Let us next consider sound waves which although 
invisible are very common, and which you already 
know something about from explanations in an 
earlier section on telephones. 

You will recall that sound is also energy in the 
form of air waves, and is created by anything that 
sets up vibration of the air. See Figures 108 and 109 
in the Telephone Section. 

Air waves or vibrations ranging between 16 and 
15,000 per second create audible sounds, or sounds 
which can be heard by the average human ear. 5o 
all frequencies between 16 per second and 15,000 
per second are called Audio Frequencies. 

A very interesting and important fact to note 
about sound waves is the manner in which certain 





Fig. 6. Film scanning machine of a television transmitter. This machine 
makes possible the transmission of a talking picture which can be 
received in the home with radio and television receivers. 


objects will vibrate in tune with them if their nat- 
ural rate of vibration happens to be the same as the 
frequency of the sound waves. 

This can be readily demonstrated with a pair of 
tuning forks of the same pitch. Striking one fork 
will set up audible vibrations of the other one some 
distance away, by the energy radiated through the 
air. 

This same thing is often noticed in connection 
with the strings of a piano or some other instru- 
ment, or even a tin pan, vibrating very noticeably 
when sounds of the proper pitch or frequency strike 
them. This principle of tuning is somewhat similar 
to the action of radio energy between the transmit- 
ting and receiving equipment. 





Fig. 7. Diagram of an elementary type radio transmitter. The spark 
coil en the left radiates from its antenna plates, energy that is re- 
ceived by the coherer and phones on the right. 


Now if sound consists of air waves or vibrations, 
and will travel through the air, it is easy to see that 
air must be a conductor of sound. 

Sound travels through air at a speed of about 
1100 feet per second. Water will also conduct sound 


6 Frequency, Wave Length and Speed 





and various solids will carry sound more or less 
according to their nature. 

At the rate sound travels through air we can 
readily see that it would be impractical for long 
distance communication, because of the time it 
would take the sound to travel any great distance. 

The time required for a sound echo to return from 
a distant hill or building well illustrates this. You 
have probably also noticed the fact that thunder is 
often heard considerably later than the distant flash 
of lightning is seen, due to the fact that the sound 
travels so much slower than light. 


3. RADIO ENERGY OR WAVES. 
NATURE AND SPEED 

Radio energy instead of being in the form of air 
waves is supposed to consist of electro-magnetic and 
electro-static waves set up around conductors by 
the high frequency currents flowing in them. These 
radio waves are thrown off into space in all direc- 
tions, and for great distances if the electrical energy 
used is suflicient. See Tig. 8 which roughly illus- 
trates radio waves traveling from a transmitter 
antenna in all directions to be picked up by various 
receiver antennas. 

Radio waves travel through all substances and 
all space, even where no air is present. So we find 
that air, which is the conductor of sound waves, is 
not the carrier of radio energy. 

Radio waves are said to be set up in the ether, 
which exists iñ all space and materials. 

Radio waves cannot be insulated by any known 
material, although they can be shielded or lead 
around certain spaces with metal shields. Large 
steel buildings often shield their interiors and cer- 
tain spaces near them in this manner. Natural min- 
eral deposits and hills often produce shielding 
effects on radio energy also. 

Radio waves travel at a speed many thousands of 
times faster than sound waves—186,000 miles per 
second, or 300,000,000 meters per second, which is 
the same as the speed of light and electricity. 

Atthis rare a radio signal will travel about 7 
times around the earth in one second, or from New 
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York to San Francisco in a time period so short it 
is usually not worth considering. 


4. FREQUENCY AND WAVE LENGTH 

Radio waves are much higher in frequency than 
sound or audio frequency waves. Frequencies above 
16,000 cyclés pet second and úp to many millions 
of cycles per second are known as Radio Fre- 
quencies. Above this range are the various light 
frequencies. 

The radio waves used in ordinary broadcast work 
range trom about 500,000 to 1,500,000 cvcles per 
second. 

Fig. 9 shows a comparison of the frequency of 
sound and radio waves, the upper curve represent- 
ing a simple sound wave of 5,000 cvcles per second, 
which is quite high frequency in the sound range; 
and the lower curve representing a constant radio 
wave of 100,000 cvcles frequency, which is in the 
lower range of radio frequencies. 

kkadio waves are set up around transmitting an- 
tennas by passing through the antenna wires alter- 
nating current such as you are already familiar with, 
except of much higher frequency. 

In addition to referring to radio waves by their 
frequency, they are also classified according to 
wave length. 

The length of each wave produced by a cvcle of 
the radio frequency current can be accurately meas- 
ured or calculated. 

Radio wave lengths are expressed in meters, and 
one meter is equal to 39.37 inches. The length otf 
one wave cau be measured either from the crest ot 
one wave to the crest of the next of the same polar- 
itv as at A in Fig. 9, or from the start to the finish 
of a wave as at B in this same figure. 

When the frequency of radio energy is known, 
the wave length can be easily calculated by dividing 
the distance in meters which the waves travel in 
one second, by the frequency or number of waves 
per second. 

lor each cycle of current applied to the transmit- 
ting acrial there will be one complete wave radiated 
from it. 
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Fig. 8. Diagram illustrating the manner in which radio waves are thrown off in all directions from a transmitting antenna. These waves can 
be received by a number of different aerials at various distances from the transmitter as shown in the sketch. 
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Fig. 9. The above two sets of curves roughly illustrate the difference 
between the frequency of sound waves and that of radio waves. The 
contrast between ordinary 60 cycle alternating current and the 
radio waves would be still greater. 


Therefore 


300,000,000 


Wave length in meters = ae 


in which 


300,000,000 = speed of wave travel in meters per 
second, f = frequency of current in cycles per 
second. 
For example a station transmitting at a frequency 
of 1,000,000 cvcles will have a wave length of 
300,000.000 
1,000,000 
Checking the ordinary broadcast frequencies of 
500.000 to 1,500,000 cycles in this manner will show 
that thev cover a wave band of 200 to 600 meters. 
This formula can also be transposed and used to 
find the frequency of a station when the wave 
length is known, as follows: 


Me 300.000.000 


wave length in meters 


or 300 meters. 


For example if a certain station is using a wave 
length of 400 meters, the frequency will be 
800.000.000 Se 
agree — z0 8 750.000 cycles or 750 kilo-cycles. 


One kilo-cycle being 1,000 cycles. 


5. SOURCES OF HIGH FREQUENCY 
ENERGY 


We have mentioned that radio waves are set up 
at the transmitter aerial bv the flow of high fre- 
quency current in the aerial circuit. 

You are already familiar with the nature of alter- 
nating current from your study in your shop course 
and in earlier sections of this reference set. You 
will recall that alternating voltage is generated by 
A. C. generators or alternators. at the common tre- 
quency of 60 cycles per second for power and light- 





ing purposes. Also that this alternating voltage 
causes current to flow back and forth through the 
circuits, setting up a constantly changing and re- 
versing magnetic field around the conductors. 

Keep these simple facts well in mind as you study 
radio and remember that the currents used in radio 
transmission are simply alternating currents of 
much higher frequency. 

While low frequency current in conductors sets 
up changing magnetic flux around fhem, and this 
flux will induce energy in other conductors or coils 
even several feet away, high frequency currents 
seem to throw off or radiate their magnetic and 
static energy much more efficiently, and much far- 
ther into the atmosphere. 

Radio signals sent out with only a few kilowatts 
of this high frequency energy are often received on 
the opposite side of tle earth. 

Ordinary A. C. generators can not be used to pro- 
duce radio frequency currents, because they cannot 
be practically designed with enough poles, or oper- 
ated at high enough speeds to generate the very 
high frequencies required. 

Radio frequency currents can be produced by 
means of Special Oscillating Circuits in spark or arc 
transmitters, by special design Inductor Type Alter- 
nators, or by oscillating circuits using power vac- 
uum tubes. The last method is the one used in most 
modern code transmitters and in all broadcast sta- 
tions. 


6. SPARK TRANSMITTER PRINCIPLES 


Spark transmitters are becoming obsolete because 
of their low efficiency and poor tuning character- 
istics, but the principles of the oscillating circuit 
used in these transmitters are both very interesting 
and valuable in getting an understanding of radio 
energy and circuits. 

Fig. 10 shows the parts and circuits of a simple 
spark transmitter, and the method of producing 
high frequency radio energy with this equipment is 
as follows: 

Ordinary low voltage, low frequency A. C. is sup- 
plied from a light or power circuit to the primary 
winding of the power transformer “A”, which steps 
the voltage up to 15,000 volts or more. As this 
secondary voltage rises up toward maximum value 
during each alternation it charges the high voltage 
condenser “C” storing electrical energy in it. Let 
us assume the polarity to be as shown by the arrows 
and positive and negative signs for the alternation 
we are considering. 

A quenched spark gap “S.G.” consisting of a num- 
ber of metal plates to form several small gaps in 
series, is connected in series with the condenser and 
the inductance coil “L”, to complete a closed oscil- 
lating circuit: 

If this spark gap is properly adjusted, when the 
voltage from the transformer secondary rises about 
to its maximum for an alternation, the gap will 
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Fig. 10. Diagram of a simple spark transmitter showing the low fre- 
quency, oscillating, and antenna circuits. 

break down or discharge. .{s soon as an arc or 

spark is formed at the gap its resistance is greatly 

reduced, allowing the condenser to discharge its 

energy with a rush, through the coil L and around 

to the negative side of the condenser. 

During the condenser discharge the heavy cur- 
rent flowing through coil L builds up a strong mag- 
netic field around it. When the condenser is dis- 
charged and its current dies out this flux collapses 
and induces a voltage in coil L that tends to keep 
the current flowing in the same direction, thus 
charging the condenser again with polarity oppo- 
site to what it was on the first charge. 

As soon as the flux around coil L collapses and 
its induced voltage dies, and before the spark can 
completely die out at the gap the condenser dis- 
charges right back again in the opposite direction, 
and once more charges up from the magnetic energy 
stored in the coil during discharge. 

This action continues at very high frequency, the 
current surging back and forth from several to a 
few dozen times for each primary charge the con- 
denser is given at the peak of each low frequency 
alternation from the secondary of the power trans- 
former. 

Of course each succeeding oscillation is lower in 
voltage and power, due to the resistance losses in 
the closed oscillating circuit and in the spark gap, 
so with a certain adjustment the series of high fre- 
quency oscillations will just about die out by the 
time the condenser receives its next charge from 
the low frequency current. 

The frequency of the oscillations set up in such 
a circuit depend principally on the inductance of 
coil L and the capacity of condenser C, and to some 
extent upon the resistance of the circuit. An in- 
crease of either the inductance or capacity reduces 
the frequency and increases the wave length. 

The high frequency energy produced by such a 
spark transmitter is called “Damped” energy due to 
the ‘dying out” or attenuation of each series of 
oscillations. 

Fig. 11-A shows a curve representing one train 
of oscillations produced in this manner. Fig. 11-B 
shows a curve of the oscillations set up by a circuit 


in which a quenched gap is used and so adjusted as 
to quench cut or stop the spark sooner, without 
allowing the condenser to discharge down to such 
a low voltage. 

If a key is used in the primary circuit of the 
transformer to make and break the circuit and thus 
cut up the current flow into dots and dashes, the 
oscillating circuit will produce short and long series 
of wave trains, as shown in Fig. 11-C. 

As the flux around coil Loin Fig 10) builds ip 
and collapses for each oscillation of current it of 
course cuts across the secondary Ll in the antenna 
circuit and induces voltage in this coil which causes 
current to flow in the antenna circuit and set up 
radio signals. 

The adjustable coil T is the antenna tuning in- 
ductance for changing the wave length of the trans- 
mitter. This will be more fully explained later. 


7. INDUCTION TYPE ALTERNATORS 


The form of damped wave energy produced by 
a spark transmitter gives a rather broad or harsh 
sounding note to the signals received, because of 
the variations in value or amplitude of the oscilla- 
tions in each wave train or group. 

Special high frequency alternators of the inductor 
type previously mentioned, produce high frequency 
current of constant value as shown by the curve at 
TAS im hig. 12, 

Because this constant value energy is generated 
continuously by such an alternator when in opera- 
tion, it is commonly called continuous wave or 
C. W. energy. 

Continuous wave energy when used for radio 
telegraphy produces a much purer and clearer sig- 
nal note than does the irregular or varying ampli- 
tude energy of a spark transmitter, and the C. W. 
is much sharper in its tuning. 
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Fig. 11. Curves illustrating the nature of damped wave signals from a 
spark transmitter. Note how the oscillations die out at the end of 
each wave train. 
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The inductor type alternator is often called an 
Alexanderson alternator after the name of its in- 
ventor. 

These machines can be made to produce alternat- 
ing current with radio frequencies as high as 
100,000 cycles per second. These waves are of 
course too high in frequency to produce an audible 
note or signal themselves, but if a rotary interrupter 
or ‘‘chopper” is used to break the high frequency 
circuit from 500 to 1,000 times per second, a clear 
musical note or signal will be produced. Fig. 12 
“B”? shows a curve representing the high frequency 
wave interrupted at audio frequency by the chopper. 

If a key is then used to make and break the high 
frequency supply from the generator, these audio 
frequency groups of waves can then be sent out in 
the form of dots and dashes, as illustrated by the 
smaller curves dt Gin Pig. 12. 

Another method of making the high frequency 
waves audible, without the use of a chopper, is to 
use a regenerative receiver which generates oscilla- 
tions of its own, and which is tuned to heterodyne 
with the received waves and thus set up an audible 
beat note. 

High frequency alternators are not used as a 
source of radio energy in modern radio stations on 
account of their high cost and difficulty of opera- 
tion, but their principles are very interesting and 
valuable to know in connection with other radio 
equipment. 
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Fig. 12. Curves illustrating the nature of continuous wave (C W) and 
intermittent continuous wave (I C W) radio signals. 


8. CONSTRUCTION AND OPERATING 
PRINCIPLES 


Fig. 13 is a diagram showing the circuits and 
principles of one of these machines. The core “C” 
has two windings, one the field winding F, which is 
excited by D. C. and sets up a strong magnetic flux 
through the core and between the pole pieces P and 
Pl: and the armature windings A and Al in which 
the high frequency current is induced by increasing 
and decreasing the flux through the core. 

A high speed rotor wheel or disk “R” carries a 


row of iron plugs or projections around its outer 
edge, and as the wheel rotates these iron plugs 
passing rapidly between the pole pieces cause the 
flux in the core to vary. When a piece ol Iron 1s 
between the pole pieces the magnetic reluctance of 
the core circuit is lower and the flux set up by coil 
F is much greater. When the iron piece passes out 
from between the poles the air gap is much greater 
and the flux is materially reduced. 

This rapid change in the magnetic flux causes its 
lines to cut across the armature coils A and Al and 
induce very high frequency A. C. voltage in them. 

For example in one machine of this type the rotor 
carries 300 teeth or projections and revolves at 
20,000 R. P. M., thus producing 300 * 20,000 or 
6,000,000 cycles per minute; or 6,000,000 — 60 = 
100,000 cycles per second. 





Fig. 13. Diagram illustrating the principles of a high frequency alter- 
nator for producing radio frequency energy in earlier types of 
transmitters. 


The same results can be produced in these ma- 
chines by using a steel disk rotor with slots or 
holes cut in is edge, to form teeth or sections of 
magnetic material alternating with non-magnetic 
spaces or sections. This construction is better than 
using the plugs or projections because it has less 
air friction or resistance at high speeds. The open- 
ings are generally filled in with brass or other non- 
magnetic material to make a smooth surface and 
further reduce air resistance. 

The larger machines of this type have regular 
round stator frames in which both the armature and 
field coils are located, and as the rotor teeth pass by 
the coil slots the field flux is varied, thus inducing 
voltage in the stationary armature coils. 

By making and breaking the field circuit and in- 
terrupting the excitation for a generator of this type, 
the high frequency output of the armature coils can 
be cut up into signals for radio telegraph messages. 
Or the C. W. output can be modulated by a tele- 
phone transmitter and voice, and this energy used 
for radio telephone transmission. 
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9. VACUUM TUBE OSCILLATORS 


By far the most common method of producing 
pure continuous wave, high frequency energy for 
modern radio transmitters is by means of a vacuum 
tube used as an oscillator, or rather as a valve ina 
circuit in which it sets up oscillations. 

Vacuum tube oscillator systems for radio trans- 
mitters are much more economical and efficient than 
the other sources of high frequency so far men- 
tioned. They can be adjusted to produce almost any 
desired frequency, and they produce a pure continu- 
ous wave that is quite ideal for either radio tele- 
phone or telegraph use, and which can be very. 
sharply tuned, thus minimizing interference and 
making it possible to cover great distances with 
comparatively small amounts of energy. 

Vacuum tube oscillators use high voltage direct 
current from I). C. generators, rectifiers, or batteries, 
and convert it into high frequency A. C. 

To understand how this is accomplished one must 
first observe the construction and operating prin- 
ciple of the tube itself. .\s vacuum tubes are not 
only used for oscillators but are also the heart of 
most all modern radio equipment, you should study 
very carefully the following general explanation of 
this device as an oscillator, and also the more de- 
tailed material which is given later on tubes for 
other uses. 





Fig. 14. Photo of a large vacuum tube such as commonly used in 
radio transmitters. 





Almost everyone has seen ordinary vacuum tubes 
such as used in radio receivers, and knows that they 
consist of an evacuated glass bulb containing sev- 
eral internal parts or elements sealed inside. and 
provided with terminals or connecting prongs to the 
outside of the insulating base. 

Many of these small tubes can be used as oscil- 
lators, but for radio transmitters larger tubes are 
generally used, as they will handle more power. 
Fig. 14 shows one type of power tube used in radio 
transmitters. 

In the common three element tubes the internal 
parts or elements are the Filament, Grid, and Plate. 


—PLATE 


FILAMENT — 





Fig. 13 Sketch of the symbol commonly used for representing a three 
element vacuum tube in radio diagrams. 

Fig. 15 shows the common symbol used for repre- 
senting a tube in circuit diagrams. On the left is 
the flament or electron emitting element, in the 
center is the grid or control element which acts as 
a shutter to regulate the flow of electrons, and on 
the right is the plate or anode which is supplied 
with voltage from a D. C. source. In Fig. 14 the 
metal plate can be seen in the center of the bulb 
with its terminal brought out of the metal cap or 
tip on the bottom of the tube. The plate is in the 
form of a slightly flattened or oval cylinder and the 
grič and filament are inside it. Their leads are 
brought out at the top of this tube. 

We do not need to go into much detail in regard 
to the construction or characteristics of vacuum 
tubes at this point, to enable us to understand their 
use as oscillators or producers of radio frequency 
energy. 


10. OPERATION 

Fig 16 shows a tube connected in a simple cir- 
cuit with the necessary devices for setting up high 
frecuency oscillations. By referring frequently to 
this sketch it will be easy for you to understand the 
following explanation of the action of the tube as a 
‘alve, and its function as an oscillator. 

When the filament is heated by current from the 
low voltage battery “A”, it throws off or emits 
negative electrons by the millions. These little elec- 
trons are strongly attracted by the plate which is 
charged positively by its connection to the positive 
terminal of the high voltage battery “B. This 
stream of electrons from the filament to the plate 
actually constitutes a flow of current according to 
the electron theory. But considering the more 
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Fig. 16. Diagram of a simple vacuum tube oscillator circuit for pro- 
ducing radio frequency energy. Study this sketch carefully while 
reading the accompanying explanation. 


common understanding of current flow, in a direc- 
tion from the positive terminal of the battery or 
source, through the wires and back to the negative 
terminal, let us simply say that the electron stream 
completes the circuit by bridging the gap between 
the plate and filament. 


Current then flows as shown by the solid arrows, 
from the “B” battery through the plate coil L2, to 
the plate, through the electron stream from plate 
to filament, and then back to the negative of the 
“Th” battery. 

‘As long as the filament is heated and emitting 
electrons some plate current will flow from the “B” 
battery, and this current will vary directly with any 
change in the number of electrons passing between 
hlament and plate, the current increasing as the 
electrons are increased and decreasing as they are 
decreased. As long as there is no change of voltage 
on the grid the number of electrons does not change 
and this plate current remains at a certain normal 
value. 

When the filament circuit is first closed and as 
the filament heats up and starts to emit electrons, 
the plate current starts to build up. As this 
current through coil L2 increases, the magnetic 
field set up by this coil expands and cuts across the 
grid coil LI, inducing a voltage in it. 

If this grid coil is properly connected so that the 
lead attached to the grid becomes positive at this 
instant, this positive voltage applied to the grid 
causes it to attract more electrons from the fila- 
ment, and thus increases the plate current to con- 
siderably more than normal. ‘This current can only 
increase to a certain amount because of the limited 
amount of electrons which can be emitted by the 
flament. 

When the plate current stops increasing the flux 
around coil L2 stops expanding and stops inducing 
voltage in the grid coil L1. This allows the grid 
potential to fall back to normal, so the grid attracts 





less electrons and allows the plate current to de- 
crease. 

As soon as the plate current starts to decrease 
the flux around coil L2 starts to collapse and cuts 
across coil L1 in the opposite direction to what it 
did at first. This induces voltage of opposite direc- 
tion and charges the grid with negative polarity. 
So we see that alternating current is set up in the 
grid circuit as shown by the small dotted crosses. 

As the grid becomes negative, it repels the nega- 
tive electrons from the filament and decreases the 
number that reach the plate, thereby reducing the 
plate current still further. 

The plate current of course cannot fall below zero 
value so when it finally stops decreasing the flux 
around coil L2 stops collapsing, and stops inducing 
voltage in the grid ceil to make the grid negative, 
and this allows the grid to return to normal or zero 
potential. 

As the grid becomes less negatively charged, the 
electrons from filament to plate once more start to 
increase and the plate current starts to build up 
again as previously explained. 

This reversing action or cycle keeps on repeat- 
ing, and as the pulsating current in coil L2 causes 
its flux to expand and collapse across Ll, it induces 
alternating current in the grid circuit as shown by 
the small dotted crosses. It also does the same to 
the antenna coil L, thus setting up high frequency 
alternating current in the antenna circuit, as shown 
by the large dotted crosses. 

The frequency of these oscillations depends on 
the inductance of the coils as this inductance de- 
termines the length of time required for the current 
and flux to build up to full value in each direction. 
As these coils usually consist of only a few turns 
and have no iron cores their inductance is low 
enougn to allow very rapid oscillations, or frequen- 
cies, ranging up to millions of cycles per second in 
some cases. 

A variable condenser can be connected across 
either the orid coil LI, or plate coil L2, and-also 
used to vary the frequency of the oscillations as 
desired. 

11. ARC TRANSMITTERS 

Direct current arcs are also used to produce radio 
frequency energy in certain types of commercial 
transmitters. 

Arc transmitters are supplied with direct current 
from a D. C. generator or rotary converter, and this 
current 1s used to maintain an arc between two elec- 
trodes, one of which 1s carbon and one copper. 

These electrodes are mounted inside a chamber 
in which an atmosphere of hydrogen is maintained 
by vaporizing and decomposing alcohol which is 
allowed to drip into the heated chamber. 

In some are transmitters a powerful electro- 
magnet or blow out coil is located near the elec- 


trodes to keep repeatedly and rapidly “blowing out” 
the arc. See Fig. 17-A. 
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Fig. 17. Two simple sketches of arc type radio transmitters, using differ- 
ent methods of controlling the antenna current for code signalling. 


As long as an arc of this type is operating in a 
circuit with inductance and capacity, it sets up con- 
tinuous high frequency oscillations in the antenna 
circuit. This is due to an interchange of energy be- 
tween the inductance and condenser varying the 
voltage at the arc, and the action 1s somewhat sim- 
ilar to that in spark transmitter circuits, except that 
with arcs the energy is undamped, or C. W. 


In Fig. 17 the condenser effect is obtained from 
the capacity between the aerial and ground as 
shown by the dotted lines. This effect will be more 
fully explained later. 


The antenna tuning coil L, serves both as an in- 
ductance to store magnetic energy for interchange 
with the condenser and thus set up oscillations, and 
also to adjust the frequency and wave length of the 
transmitter. 


The hich frequenc waves emitted bi an. arc 
transmitter would not be audible at the receiver 
unless varied at audio frequency in some manner, 
ar heterodvnedsby tar regenerative rece cr 


To provide an audible note a chopper is often 
used as shown in Tig. 17-A, to vary the frequency of 
the antenna current at regular audio frequency in- 
tervals. When the key is closed it allows the 
chopper to rapidly and repeatedly short circuit the 
little coil L1. Each time this coil is shorted, cur- 
rent is induced in it from the flux of coil L, and the 
reaction between the fields of these two coils then 
slightly changes the inductance of the antenna cir- 


cuit and thus changes the frequency of the emitted 
wave. 

Another method sometimes used is to leave the 
antenna circuit open normally, and only close it by 
means of a key or relay just during the signal in- 
tervals, as shown in lig. 17-B. 

During the periods the key is not closed and the 
antenna circuit is open, the oscillations from the 
arc are maintained through a shunt circuit consist- 
ing of a variable resistance, an inductance and a 
condenser, which are connected in series with each 
other and then across the arc as shown in Fig. 17-B. 


12. SIGNALLING AND MODULATION 

Now that we have learned the various methods 
of setting up radio frequency current or oscillations 
in various transmitters, let us find out how the sig- 
nals are impressed on these high frequency Carrier 
Waves, and conveyed by them in leaving the trans- 
mitter. 

We have already learned that the high frequency 
carrier wave necessary for radio transmission is not 
audible to the human ear, except in the case of spark 
transmitters where the damped wave trains have 
audio frequency variations in their amplitude. We 
have also learned that with C. W. or continuous 
wave radio energy, the carrier can be made audible 
for code signals by means of a chopper or by the 
beat note from a regenerative receiver. 

Then for telegraph signals it is only necessary to 
send this signal energy out in proper code impulses 
or dots and dashes to form the various letters. This 
is done by means of a key placed in the circuit so 
that it will control the power to the antenna, either 
directly, or by means of a relay in the case of large 
transmitters. 

In order to send voice or music however, it is 
necessary to impress the audio frequency sound 
waves on the radio frequency carrier waves, in such 
a manner that they will varv or control the volume 
or amplitude of the carrier wave directly with the 
volume and frequency variations of the sound. This 
is known as Modulation of the carrier wave, by the 
voice or music waves. 





Fig. 18. Diagram showing how a telephone transmitter or microphone 
can be coupled to an oscillator circuit of a simple radio transmitter, 
to modulate the carrier wave with the audio frequency voice energy. 
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Modulation can be effected by coupling a tele- 
phone transmitter or microphone into the radio 
transmitter circuit so that it controls or varies the 
output of high frequency. 

Fig. 18 shows a simple low power radio telephone 
transmitter circuit with one oscillator tube, and 
with a microphone coupled to the grid circuit by 
means of a Microphone Coupling Transformer “T”. 

The operation of a telephone transmitter or micro- 
phone has been explained thoroughly in this Refer- 
ence Set, in an earlier section on telephones. It may 
be well for you to briefly review pages 2 to 5 of 
that section now. 

You will recall that the microphone controls or 
varies the current from a battery, in impulses that 
correspond exactly in value and frequency to the 
sound waves striking the diaphragm 


Fig. 19. The curve at A illustrates the nature of the pulsating current 
set up in the circuit of a microphone. At B is shown the curve for 
the alternating current of varying value which is induced in the 
secondary winding of a microphone coupling transformer. 


In Fig. 18 you will note that the microphone is 
connected in series with a microphone battery “M”, 
and the primaryv of the coupling transformer. There- 
fore, the pulsating current set up through this pri- 
mary coil when voice or music waves strike the 
microphone diaphragm, induces alternating current 
of corresponding value and frequency in the second- 
ary coil, which is connected in series with the grid 
circuit of the oscillator tube. Fig. 19-A and B show 
curves representing the pulsating D. C. of the micro- 
phone circuit, and the varying value A. C. which 
will be induced by them in the secondary of the 
coupling transformer. Now you will remember that 
any change in the grid voltage of a vacuum tube 
causes a corresponding change in the plate current. 
So as the microphone transformer supplies alternat- 
ing voltage of varying value and frequency to the 
grid of this tube the plate current will vary accord- 
ingly. If the tube is already oscillating and deliver- 
ing a radio frequency carrier current to the antenna, 
these audio frequency variations impressed on the 
radio frequency waves will cause them to vary in 
value: the variations being at audio frequency and 
corresponding to the original sound waves at the 
microphone. Fig. 20 shows a modulated carrier 
wave on which the value or amplitude of the high 


frequency waves has been varied by impressing the 
audio frequency energy upon it. 

This modulated wave is what reaches the antenna 
and is sent out through space to reproduce voice 
and music at the distant receivers. 


13. THE ANTENNA CIRCUIT 

Now that we know the nature of the energy used 
in radio transmission and how it is produced, we 
will next want to know how this modulated wave or 
energy is radiated or thrown out into space from 
the transmitter. 

You probably know of course that this is done 
with an Aerial or Antenna, but you may have won- 
dered how current can flow in the antenna as it is 
not a complete metallic circuit. 

When high frequency alternating voltage sup- 
plied by the transmitter is applied to the antenna 
circuit, either by direct connection or by induction 
to the antenna coil, current does actually flow due 
to the condenser or capacity effect between the 
antenna and ground. This current is measurable 
with special high frequency ammeters of the hot 
wire or other types. In large high power trans- 
mitting stations the antenna current may be over 
100 amperes. 

From explanations given of condensers in earlier 
sections you already know that a condenser con- 
sists of two or more conductors or conducting sur- 
faces or plates, separated by insulation of some 
kind. 





Fig. 20. Curve showing a high frequency carrier wave modulated or 
varied in value by the audio frequency voice waves. 


Transmitting aerials for medium or long wave 
stations usually consist of one or more long wires, 
supported horizontally or parallel to the earth’s sur- 
face. If several parallel wires are used, they are all 
connected together to form a network. These wires 
are attached to their supporting poles or towers by 
high voltage insulators, and are further insulated 
from the earth by the air between the aerial and 
the ground. 

This construction forms a simple condenser as 
shown in Fig. 21. The dotted lines simply show that 
the aerial acts as one plate, the earth as the other, 
and the air as the dielectric of the condenser. 


14. CURRENT FLOW IN ANTENNAS 

You have already learned that when D. C. voltage 
is applied to a condenser it will charge the con- 
denser with one plate or group of plates positive, 
and the other plate or group negative. We also 
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Fig. 21. Sketch showing the antenna circuit of a radio transmitter, 
completed by capacity to earth. 


know that while the condenser is being charged 
current flows into it, even though it does not pass 
through the condenser dielectric. 


Then when the applied voltage is removed and 
the condenser shorted or merely left connected in 
a closed circuit, it will discharge and cause current 
to How out of it in the opposite direction to that 
of the charging current. 


A condenser can be charged in either direction by 
simply reversing the polarity of the applied voltage. 


We have also learned that if alternating voltage 
is applied to a condenser by connecting it in an 
A. C. circuit, alternating current will fow in the 
condenser leads as the condenser charges and dis- 
charges with the rise and fall of the applied voltage 
during each alternation. See Fig. 22. The amount 
of charging current that will flow to a condenser 
depends directly upon the voltage and frequency of 





Fig- 22. On the left is shown a curve for one cycle of alternating cur- 
rent. On the right is shown the manner in which the alternations 
charge a condenser and set up current flow in its circuit. 


the A. C. energy applied, as well as upon the size 
or capacity of the condenser. 

As radio transmitters supply extremely high fre- 
quency to the antenna circuit, and usually at sev- 
eral thousand volts potential, considerable current 
will flow, even though the actual capacity between 
the aerial and ground may not be very great in 
micro-farads. 

As the high voltage, high frequency current flows 
in the antenna of a transmitter each cycle sets up 
a complete electro magnetic wave, and also a com- 
plete electrostatic wave around the antenna. 

These waves travel through space, earth and other 
objects with the speed of light, and when they strike 
or cut across a receiving aerial they induce very 
feeble voltages in it. 

Transmitting aerials are not always horizontal, 
some being merely a vertical wire. There is suff- 
cient capacity between a long vertical wire and the 
earth, however, to allow current to flow in such 
antenna circuits. Fig. 23 shows an illustration of 
electro-static waves leaving a vertical antenna. The 
magnetic waves are not shown in this sketch. 

It is very important that transmitting antenna 
circuits, including their ground connections be of 
low resistance, in order to avoid resistance losses 
as much as possible. Due to the skin effect or tend- 
ency of high frequency currents to follow close to 
the outer surface of a conductor, rather large con- 
ductors are often used in transmitting antennas. 


15. TUNING AND RESONANCE 


We have already learned that a variable induct- 
ance or condenser can be used to change the fre- 
quency or oscillation period of a transmitter oscil- 
lating circuit. 

The same is true of the antenna circuit and as 
the length of this circuit, including the antenna, 
lead in wire, and ground lead, determines the 
amount of inductance and capacity of the circuit, it 
should be made of the proper length for the wave 
length of the station. 

In addition to making this circuit the proper 
length, variable inductance coils and variable con- 
densers are used to tune the antenna circuit to the 
frequency of the energy produced by the trans- 
mitter. 





Fig. 23. This diagram shows the manner in which electro-static waves are assumed to radiate in all directions from a vertical ramo trans- 
mitting aerial. 
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When the open antenna circuit is adjusted to the 
same natural frequency as that of the closed oscil- 
lating circuit of the transmitter, the two are said to 
be in resonance with each other. 

Proper tuning of the antenna circuit enables maxi- 
mum current to flow and produces best results and 
efficiency with a transmitter. 

Tuning of radio transmitters has another very 
great advantage, in that it makes possible the send- 
ing of signals at one certain wave length, which can 
be received by receivers that are also tuned to that 
wave length, without interfering with other stations 
that are operating on different wave lengths. This 
makes possible the operation of many transmitting 
stations at the same time without confusion, and 
also makes possible the selection of the desired sta- 
tion by the receiver. More about tuning and tuning 
devices will be given later. 


16. TYPES OF ANTENNAS 


As already explained, a radio Antenna or aerial 
consists of one or more elevated wires, connected to 
the radio transmitter or receiver by means of a lead- 
in wire, running from the near end of the antenna to 
the equipment. And as previously mentioned, a 
ground lead and connection is practically always in- 
cluded as part of the antenna circuit. 

Antennas are generally made of bare copper or 
bronze wires, as these have good conductivity, and 
the bronze wires also have good strength. 

Insulated wires are often used for receiving an- 
tennas, as the insulation does not stop the passage of 
the radio waves which cut across the wire to induce 
energy in them. 





Fig. 24. The above sketch shows a flat top, L type antenna. The 
dotted lines show where the lead-in would be connected for a T type 
antenna. 


All antennas and lead-in wires should however, be 
well insulated from their supports, from any adja- 
cent objects, and from ground. This is particularly 
important with transmitting antennas which are 
often supplied with very high voltage, sometimes 
ranging as high as 5,000 to 10,000 volts in large 
high-powered broadcast or commercial land sta- 
tions. 

Glass, porcelain and composition insulators of sus- 
pension, pillar, and bushing types, are used for in- 
sulating antennas and lead-in wires. 

There are several common types of antennas in 
use for radio transmission. Some of these are the 





Vertical Wire or Hertz Antenna, the Flat Top In- 
verted “L” type, “T” type, Cage type, Fan type and 
Umbrella type. Each of these types has certain ad- 
vantages for various uses. The Verticle Wire An- 
tenna is one of the simplest of all, and consists 
merely of a straight vertical wire suspended from 
some support or wire overhead and from which it is 
insulated, or in some cases supported on the side of 
a vertical wood pole or mast. Antennas of this type 
are mostly used in short wave transmission. 

The Flat Top Inverted L Antenna is one of the 
most commonly used both on land and ship stations, 
because it is both efficient and convenient to install. 
Fig. 24 shows an antenna of this type, supported be- 
tween two tall masts, above the transmitter building. 

These antennas generally consist of from two to 
four parallel wires spaced about 2 to 3 feet apart, 
and attached by means of insulators to spreaders at 
each end. The spreaders are also often insulated 
again from the supporting cable used to draw the 
antenna up and hold it in place. 

The ends of the parallel wires are all fastened to- 
gether as shown and connected to the lead-in cable, 
which should be of the same carrying capacity or 
area as all of the antenna wires. 

With the lead-in wire attached to the end of such 
an antenna, it is called an inverted L, from its shape 
or appearance. If the lead-in wire is attached to the 
center of the flat top section as shown by the dotted 
lines in Fig. 24, the antenna is then called a “T” 
type. Flat top antennas of this type are often fitted 
with tie ropes attached to the ends of the spreaders 
by means of insulators, and fastened down to the 
pole or tower, to help prevent the antenna from 
swaying in the wind. Very much swaying is ob- 
jectionable as it tends to change the wave length 
of the antenna, as it moves nearer to or farther from 
the ground, thus changing its capacity. 

Inverted L antennas are particularly convenient 
for use on ships, and are also commonly used on 
broadcast stations and commercial land stations. 

These antennas are somewhat directional, that 
is, they transmit or receive over a greater range in 
a direction opposite to that in which their free ends 
point. 

In some cases just one large cable is used as an 
inverted “L” type aerial with quite good results. 

The T type antenna usually has a slightly lower 
wave length than an L type of the same dimen- 
sions, because the T type is in effect the same as 
two shorter antennas connected in parallel. There- 
fore, the capacity remains about the same but the 
inductance is somewhat less than that of L type 
antennas. 

Fig. 25 shows a Cage type antenna which is some- 
times used for transmitting stations. These an- 
tennas consist of a number of parallel wires held 
in the form of a tube or cage by hoop-like spacers 
of micarta or other insulating material. The wires 
are all brought together at one end of the horizon- 
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tal cage, and then often continued down in the form 
of a much smaller cage for the lead-in. 

Cage antennas are very simple to construct and 
are not so much effected by wind as flat top an- 
tennas are. 

The top view in Fig. 26 shows a Fan Type an- 
tenna in which a number of wires are suspended 
from the horizontal wire between two masts or 
towers. The bottom ends of all these wires are 
brought together to the lead-in wire or cable. An- 
tennas of this type are quite efficient and are used 
in certain localities. 

The lower view in Fig. 26 shows an Umbrella 
Type antenna, consisting of a number of wires 
spread out like spokes of a wheel around one center 
mast. The tops of these wires are all connected 
together to the lead-in wire, and their top and bot- 
tom ends are insulated from the mast and earth. 
The lower insulators are generally located some dis- 
tance up from the ground to give the antenna the 
proper effective height from earth. Antennas of this 
type are well adapted to military use and for other 
portable or temporary transmitters, as only one 
center pole is needed and it is held erect by the 
antenna wires themselves acting as guys. 





Fig. 25. This diagram shows the construction of a cage type antenna 
with a cage lead-in. 


17. ANTENNA HEIGHT AND LENGTH 


In general the greater the height of a transmitting 
antenna, the greater its radiating efficiency or range, 
and they should always be high enough to be well 
above any nearby trees, buildings, hills, etc., if pos- 
sible. 

It is not practical to build them too high, how- 
ever, as their supports will then cost too much, and 
the capacity between the antenna and its supports 
becomes too great on the extremely high ones. 

The length of an antenna depends upon the wave 
length of the energy it is to handle, and upon the 
conditions or location. The length should be chosen 
so that the antenna will have a natural or funda- 
mental wave length as near as possible to that of the 
transmitted energy. 

When it is not possible to use an antenna of the 
proper length it can be “loaded” with extra induct- 
ance in the form of a coil, to increase its natural 
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Fig. 26. The sketch at the top shows a fan type antenna and the lower 
sketch shows an antenna of the umbrella type. 


wave length; or it may have a condenser connected 
in it to decrease the wave length. 


The natural or fundamental wave length of an 
antenna can be calculated by means of the follow- 
ing formula, if the capacity and inductance are 
known 


4X VX LX C= wave length in meters 

in which 
V = velocity of radio waves in meters per second 
L = Antenna inductance in Henry’s 


C= éi 


A simpler method of calculating the approximate 
wave length is as follows: for a 4 wire flat top L 
antenna with, wires spaced about 21⁄4 feet apart, 
multiply the entire length in feet, including the 
lead-in, by about 4.5. For “T” type antennas mul- 
tiply the length of one end of the flat top and the 
lead-in by 5. 

The height of an antenna also influences its wave 
length, both by changing its capacity to earth and 
by changing the length of the lead-in wire. 

For example a 4 wire, inverted “L” type antenna 
with a flat top 50 feet long usually has a natural 
wave length of about 95 meters at 30 ft. height, 
134 meters at 60 ft. height, and 186 meters at 100 ft. 
height. 

The same type of antenna with a flat top 100 


capacity in Farads. 
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feet long has a wave length of about 159 meters 
for 30 ft. height, 200 meters for 60 ft. height, and 
252 meters for 100 ft. height. 

Flat top antennas of the “T” type have somewhat 
lower wave length for the same dimensions, as can 
be seen by comparing the following figures with 
those just given for “L” types. 

A 4 wire “T” type antenna with a flat top 50 feet 
long has a wave length of about 70 meters for 30 ft. 
height, 117 meters for 60 ft. height, and 173 meters 
for 100 ft. height. 

This “T” type antenna with a flat top 100 feet 
long has a wave length of about 106 meters for 30 
ft. height, 154 meters for 60 ft. height, and 211 
meters for 100 ft. height. 

If the flat top is lengthened to 200 ft., its wave 
length will then be about 178 meters at 30 ft. height, 
229 meters for 60 it. height, and 291 meters for 100 
ft. height. 

Transmitting antennas range from 75 to 300 feet 
long for broadcast and ship work, up to over a mile 
in length for some of the very long wave com- 
mercial stations. 


18. GROUNDS AND COUNTERPOISE 


All connections in antenna circuits should be well 
made and soldered to keep the resistance as low as 
possible. 

It is very important, particularly with transmit- 
ting aerials to have good low resistance ground con- 
nections, as the current flows through this connec- 
tion to the earth side of the condenser the same as 
it does through the lead-in cable to the antenna side. 

Good ground connections can be made by driv- 
ing a long, perforated, galvanized pipe into the 
ground and pouring salt water into it, to soak 
through the holes into the soil; or by burying large 
copper plates or a network of copper wire. Some- 
times a water piping system can be used for a 
ground. 

Where it is difficult to obtain a good ground be- 
cause of soil conditions, or for example in cases 
where a transmitter is located on top of a tall build- 
ing, a special wire network known as a Counterpoise 
is often used beneath the regular antenna, and a 
few feet above ground or the roof. The ground 
lead is attached to this counterpoise which serves 
as the other plate of the aerial circuit condenser. 
Fig. 27 shows two methods of arranging counter- 
poise wires. 

In some radio stations the same antenna is used 
both for transmitting and receiving, by using a 
change over switch to connect the lead-in wire 
either to the transmitter or receiver as desired. 
Generally, however, a separate antenna is used for 
receiving. 


19, RECEIVING ANTENNAS 


In homes and places where radio is only received 
and not transmitted, receiving antennas of much 


simpler construction than those just described, are 
used. 


Receiving aerials do not need to handle much 
current and so generally consist of just one small 
wire about No. 12 or 14 B & S gauge, and of the 
proper length for desired results. 


Either solid or stranded copper or bronze wire 
are very good for receiving antennas. 


With early forms of radio receivers such as crys- 
tal sets, where all of the energy to operate the head- 
phones came from the antenna, or even with sets 
using only one or two tubes, long, high receiving 
aerials were needed to pick up sufficient induced 
voltage to give good signals. But with modern mul- 
tiple tube sets and the great amount of amplifica- 
tion they accomplish, very little receiving aerial is 
needed. 


It is well to remember, however, that the higher 
a receiving aerial is located and the more free it 
is kept from surrounding trees, buildings, or other 
tall objects, the more energy it will usually receive. 
Also remember that increasing the length of a re- 
ceiving antenna increases the energy it will pick up; 
of course keeping in mind that the antenna should 
not be so long that its natural wave length is much 
greater than that of the energy to be received. 

In rural communities and certain out of the way 
places which are a long distance from any radio 
station, long, high, outdoor antennas may still be 
required or be an advantage. 


TO GROUND 


LEAD ON TRANS. 





Fig. 27. The upper sketch shows the manner in which a group of wires 
forming a counterpoise can used underneath an antenna to take 
the place of the ground connection. The lower sketch shows a 

counterpoise which can be used with a T type aerial. 
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Fig. 28. The above sketches show L type and T type receiving antennas 
of single wire construction. 


20. INSTALLATION OF RECEIVING 
ANTENNAS 


Fig. 28 shows two methods of installing such 
aerials. The wire can often be stretched between 
two buildings or from a tall tree to a building and 
thus save the trouble of erecting masts or poles. 


Antennas should not be drawn up tight enough 
to place excessive strain on the wires or fasten- 
ings, but they should be tight enough to pre- 
vent excessive swaying in the wind, as this varies 
their wave length and interferes with sharp tuning. 
Sometimes a coil spring at one end, or a weight on 
a rope over a pulley, can be used to keep an antenna 
tight when a mast or tree to which it is attached 
moves with the wind. 


Remember that inverted “L” type aerials such as 
shown in the top sketch in Fig. 28, are quite direc- 
tional and receive better from a direction opposite 
to that in which the free end points. 


It is very important to have good low resistance 
soldered connections in a receiving antenna, be- 
cause the received energy is so extremely small that 
there is not much to waste or lose. When we realize 
that the voltage induced by a radio signal in an 
ordinary receiving aerial may be less than 1 micro- 
1 ob volt, we can readily see the neces- 
sity of having good aerial and ground connections. 

Joints or splices that are not soldered allow cor- 
rosion to creep in between the wires or parts, and in 


volt, or 


time build up a very high resistance film that 


1 
may reduce the signal strength to less than —— 


10 
its former value when the splice was new. 

A good ground connection often makes it possi- 
ble to dispense with a very long antenna or to avoid 
the trouble and cost of installing one in the first 
place. 

In houses or buildings equipped with piping, the 
pipes usually make a very good ground for a re- 
ceiver. A cold water pipe is generally best as they 
are almost sure to be well grounded, and to form a 
complete metallic circuit to ground. Some steam or 
gas pipes are equipped with insulating joints at cer- 
tain places, which prevent them from being a good 
ground. 

With powerful multi-tube receivers located near 
to broadcast stations, very often a short piece of 
insulated wire about 10 to 30 feet long, laid under 
the rug or along a moulding is all the antenna re- 
quired, and some sets will operate fairly well with 
no antenna at all. 

It is well to keep in mind that longer antennas 
than necessary will generally pick up a lot of un- 
necessary Static and interference, and that shorter 
antennas are more selective and make it much easier 
to tune out local stations if one desires. 

Generally an outdoor aerial 50 to 150 feet long is 
suitable for receiving distant stations even with 
medium cost sets, and an indoor aerial much shorter 
is best for receiving local stations, or even distant 
ones 1f the receiver is a good one of 5 tubes or more. 





Fig. 29. This diagram shows the method of connecting a lightning 
arrester and a grounding switch to the lead-in of a radio receiver. 


21. PROTECTION FROM LIGHTNING AND 
HIGH VOLTAGE LINES 


All outdoor antennas should always be equipped 
with some form of lightning arrester, to ground any 
severe static charges and prevent them passing 
through the set and possibly damaging it or injur- 
ing operators. 

On small receiving antennas these arresters usu- 
ally consist of a simple needle gap arrangement 
connected between the lead-in wire and ground. 
On large, high transmitting antennas a more rugged 





Lead-in Wires. 


arrester is required to safely handle the very high 
voltage atmospheric charges picked up, as well as 
possible direct lightning strokes. 

A ground switch is also often used to connect the 
antenna direct to earth in case of electrical storms, 
or whenever the antenna is not in use. Fig. 29 shows 
a sketch of the connections for both a ground switch 
at G and a lightning arrester at A. 

Antennas should never he erected over or direetly 
beneath high voltage power lines, because of the 
danger of accidental contact in case either should 
break and fall across the other. Antennas that are 
near to power lines should be erected at right angles 
to them and not parallel to them, as this will help 
to prevent interference hum from induction of 60 
cycle energy, and may also prevent induction of 
sufficient voltage to be dangerous, as might be pos- 
sible with parallel wires. 


22. LEAD-IN WIRES AND SPECIAL 
ANTENNAS 

Antenna lead-in wires are often insulated, al- 
though they can just as well be bare if they do not 
touch parts of the building or if they are properly 
supported on pillar type insulators. Lead-ins should 
be well insulated where they enter the build- 
ings, by means of good insulation on the wire or 
some form of insulating tube for receiving aerials; 
and by means of heavy glass, porcelain, or composi- 
tion insulator bushings for transmitting aerials. 

Lead-in wires should always be at least as large 
as the aerial wire, or with an area equal to all aerial 
wires in parallel where a number of wires are used. 
Remember that the length of lead-in wires should 
be added to that of the antenna proper, when cal- 
culating the effective length or natural wave length 
of the antenna. That is, with the exception of cer- 
tain special types of transmitting aerials. Long 
ground leads will also affect the wave length of the 
antenna circuit. 

Where a fairly long antenna is required and it 
is difficult or objectionable to erect an outdoor one, 
a long insulated wire, or a bare wire supported on 
insulators, can often be strung in an attic, keeping 
it as far as possible from any piping or electric 
wires. 

Aerials located inside of steel frame buildings, 
buildings of steel reinforced masonry, or those using 
metal lath will generally not pick up much radio 
energy, as the steel work provides a definite shield- 
ing effect, and tends to ground or shunt the radio 
waves around the aerial. 

Automobile radio receivers generally use a cop- 
per wire or screen located in the car top, or a metal 
plate under a running board for the antenna; and 
use the metal frame of the car for a ground. In this 
case we know the car frame is insulated from earth 
by the rubber tires, but its mass of metal serves 
as a sort of counterpoise or condenser type aerial 
even without any actual connection to earth. 

Airplane transmitters and receivers generally use 
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a trailing wire which can be reeled in, or a short 
wire or metal mast attached to the wings or fuselage 
for the antenna, and use the metal frame of the 
plane for the ground connection. 


23. LOOP ANTENNAS 

Loop antennas consisting of several rather large 
turns of wire are often used with portable radio 
equipment and in some home type receivers. 

Loop aerials have a distinct advantage of being 
very directional, and are therefore a great help in 
receiving certain stations and keeping out interfer- 
ence from other powerful nearby stations, by sim- 
ply turning the loop sce that its edge or plane is in 
line with the station desired. Loops receive signals 
much better from either direction in line with their 
flat plane, than they do from stations located in a 
direction out from either side of the loop. 

Loop aerials require no ground connections, as 
one end of the loop generally connects to the an- 
tenna terminal, and the other end to the ground 
terminal of the set. 

Receivers designed for operation with a loop gen- 
erally have it connected direct to the grid and fila- 
ment terminals, thus eliminating the usual antenna 
coil and radio frequency transformer ahead of the 
first tube or stage. 

The top sketch in Fig. 30 shows a loop connected 
in this manner to the first stage of a receiver, and 
the lower sketch shows how a receiver can be 
adapted for use either with a loop or with an an- 
tenna and ground, by means of a simple change- 
over switch “S”. 

With the switch in its present position on the 
upper contact the antenna coil or radio frequency 
transformer T is cut out, and the grid circuit is 





Fig. 30. The top sketch shows a loop aerial connected directly to the 
grid circuit of a vacuum-tube receiver. The lower sketch shows how 
a receiver can be adapted for use with either a loop or an aerial 

’ and ground. 
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connected to the loop terminals. With the switch 
moved to the lower contact the loop circuit is dis- 
connected and the antenna coupling coil is con- 
nected to the grid of the tube. 

The sharply directional characteristics of the loop 
aerial:make it a very valuable device as a direction 
finder or interference locator. By rotating a loop 
while listening to a certain station or interference, 
the direction of the station or source of interfer- 
ence can be determined quite accurately by observ- 
ing the position of the loop where the signal is 
loudest. 

By use of specially constructed rotary loops 
with pointers and scales, observations can be made 
at various places around a transmitter or source of 
radio interference, and its location determined 
almost exactly by noting where the lines of direc- 
tion of the different tests cross or focus. 





Fig. 30-A. Several different types of loop antennas for use with radio 
receivers. By rotating these loops directional reception can be 
accomplished. 


The natural wave length of loop antennas de- 
pends upon the number of turns and the length of 
each turn, or size of the loop. It also depends some- 
what upon the spacing of the turns. This spacing 
generally ranges from % to 1 inch between turns, 
although some loops for reception of very long wave 
lengths may have a number of slots % to 1 inch 
apart, with from 2 to 10 turns in each slot. 

The wave length of a loop antenna can be in- 
creased by connecting a condenser across its termi- 
nals as shown in Fig. 30. By means of a variable 
condenser the wave length can be varied and the 
loop tuned to any wave length within its range. 

A 4 foot loop with one turn can be used for wave 
lengths up to 180 meters with a .001 mfd. variable 
condenser in parallel, or up to 310 meters with a 
variable condenser of .003 mfd. capacity. 

With 3 turns, a loop of this size can be used for 
wave lengths up to 400 or 675 meters according to 
which of the condensers is used, and with 6 turns 
its range is increased to 710 or 1200 meters accord- 
ing to the condenser used. 

Many loops for indoor use are made about 2 ft. 
high, with from 6 to 20 turns, and used with a .00035 
variable condenser. 


24. RADIO RECEPTION AND TUNING 

Now that we have a general understanding of 
how radio energy is produced and transmitted 
through space, let us see how this energy and the 
signals it conveys can be picked out of the atmos- 
phere at will, and even to the extent of selecting 
just the signals we wish to receive. 

You have already learned how the modulated 
high frequency waves of magnetic and static energy 
are radiated out through space by the transmitting 
antennas, and how receiving antennas are con- 
structed to collect enough of this energy to operate 
receiving sets. 


In an earlier section it was thoroughly explained 
how electro-magnetic waves or lines of force induce 
voltages in conductors when these lines cut across 
them, and if you will recall the principles of trans- 
former action, you can readily understand how the 
waves radiated from a transmitting antenna induce 
feeble voltages in receiving antennas. Just think 
of the transmitting antenna as a sort of primary 
conductor which radiates its field great distances 
through space because of the nature of the high 
frequency energy it uses, and then think of the re- 
ceiving antennas as secondary conductors in which 
secondary currents are induced. 

Because of the great distance which usually sepa- 
rates the receiving and transmitting antennas the 
induced voltage in the receiving antenna will be 
extremely small or feeble. As previously mentioned 
this voltage is often less than one micro-volt, or 

1 
1,000,000 

Nevertheless this induced energy will be of ex- 
actly the same frequency as the energy at the trans- 
mitter from which the signal is coming, and it will 
also vary in value just exactly as the transmitted 
wave does when modulated by voice or audio fre- 
quency signal notes. 

In this manner the energy flowing in a receiv- 
ing antenna duplicates faithfully all of the condi- 
tions or characteristics of that at the transmitter, 
only on a much smaller scale. So now if we can 
make this received energy reproduce an audible 
sound, this sound will be a faithful reproduction of 
that used at the transmitter and impressed elec- 
trically on the carrier wave. 

Before we consider the construction and opera- 
tion of the receiver itself, however, it will be well 
to emphasize the fact that the very feeble amounts 
of energy received in radio work must be handled 
with extreme care, and by devices and circuits of 
very critical and exact design and connection, in 
order not to lose much of this small amount of 
energy, and to get the results desired from it. 

While low resistance is very important, we have 
already learned that counter voltage of self induc- 
tion and impedance in A. C. circuits, play a much 
greater part than resistance does in the control of 
alternating currents. This is particularly true when 
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dealing with the extremely high frequency currents 
used in radio work. 

For example, we find that receiving antennas and 
receiving set circuits must be tuned just right or 
have just the right amount of inductance and capac- 
ity in order to get any appreciable current of a cer- 
tain radio frequency to flow in them. 

This can perhaps be understood more easily if 
we recall the operation of the oscillating circuit 
used with a spark transmitter. In this circuit you 
will remember the frequency or rate of oscillation 
of the current was determined by the size of the 
condenser and the inductance coil, and the length 
of time required to charge the condenser, and the 
time required for the flux around the inductance 
coil to build up and collapse during each alteration. 


If these factors can absolutely control the fre- 
quency of the energy generated in a transmitter 
oscillating circuit where very high voltages are ap- 
plied, it 1s easy to see how they will also control the 
building up of high frequency currents in receiving 
circuits where the induced voltages are so very 
small. 

If the capacity and inductance of a receiving an- 
tenna circuit are just right they will allow the in- 
duced voltage of a certain frequency to establish 
current which can oscillate freely in the circuit. 
If the capacity and inductance or the natural fre- 
quency of the circuit are not right for a certain 
frequency, current will not build up under feeble 
induced voltage of that frequency. 

Of course this same circuit would allow current 
to build up at some other frequency for which its 
tuning happens to be just right, if some other sta- 
tion is sending waves of that frequency. 

Another illustration of this tuning effect is in the 
vibration of a tuning fork to only those sound 
waves of its own natural frequency ; or the response 
of certain reeds of a vibrating reed frequency indi- 
cator to the magnetic pull of alternating current of 
that same frequency. We also know that in order 
to keep a heavy pendulum swinging freely with the 
smallest possible pushes or impulses, these impulses 
must come at just the right time, according to the 
natural frequency or swing of the pendulum, so 
that they will aid the strokes of the pendulum. 


This rather particular or “choosy” nature of radio 
frequency energy is a very valuable characteristic, 
as it is only through this feature that we are able 
to operate a large number of radio stations on dif- 
ferent wave lengths at the same time, and yet select 
any one we wish to receive by simply tuning our 
receiver circuit by changing its inductance or ca- 
pacity. 

In other words it enables us to adjust a receiver 
so that a station of the desired frequency will be 
able to induce sufficient energy in the circuit to 
produce audible signals. Other stations of different 
frequencies may be able to induce a very little 


energy in the circuit also, but not enough to inter- 
fere with the desired signal, if the receiver is a good 
one and capable of sharp tuning. 

This tuning of a receiving circuit is of course 
accomplished by changing either the amount of in- 
ductance or capacity, generally the latter. 

Increasing either the inductance or capacity of a 
circuit increases its natural wave length. Decreas- 
ing the inductance or capacity will decrease the 
natural wave length of a circuit. 

25. VARIABLE INDUCTANCE TUNERS 

A method of tuning which was quite extensively 
used in earlier types of receivers, and is still used 
in transmitters and on some styles of receivers, con- 
sists of using a variable inductance such as shown 
at A im Big. 31. 

This torm of variable inductance uses a tapped 
coil “P”, as the antenna coil or primary of the cou- 
pling transformer of the set. By shifting the rotat- 
ing switch arm, turns can be cut in or out of the 
coil, thus increasing or decreasing the inductance 
and natural wave length. 

Inductance coils of the smaller sizes for radio 
receivers are commonly wound in a single layer on 
a tube or cylinder of fibre or bakelite. Those with 
a large number of turns are often specially wound 
so that the turns are criss-crossed at a slight angle, 
in what is called honeycomb formation. This reduces 
the distributed capacity effect between turns. If 
the turns of large coils are all wound parallel and 
tight together, this capacity effect often becomes 
considerable at the very high frequencies carried by 
the coils. Some simple small coils of single layer 
winding have the turns spaced apart a short dis- 
tance. Inductances for tuning vary from about 1 
micro-henry 
aoe to 125 millihenrys (.125 henry). 

At B in Fig. 31 is illustrated another method of 
inductance tuning using a device known as the 
Vario-Coupler, consisting of a stationary coil S and 
a smaller coil M which is located inside or very near 
to the open end of the larger stationary coil. 

When the turns of the movable coil are parallel 
to those of the stationary one, the induction or 





Fig. 31. The above three sketches show different methods of tuning 
radio circuits with variable inductances. 
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Fig. 31-D. Two types of variometers or variable inductances, such as 
formerly used very extensively in tuning radio receivers. 


transfer of energy between them is maximum. 
When the movable coil is turned at right angles 
to the stationary one, the induction between them is 
almost zero. This rotation of the one coil not only 
varies the amount of energy it will absorb from the 
primary coil, but also changes the inductance of 
coil > by the reaction between its flux and that of 
the movable secondary coil. 

Vario-couplers of this type provide a very smooth 
means of tuning a set because of the stepless change 
in inductance and coupling as the rotor coil is 
slowly turned. 

Some stich couplers also have taps on the pri- 
mary coil for further changes in the inductance. 








The slender arrow through the two coils indi- 
cates that they are coupled together inductively 
and variably. A number of different methods have 
been developed for varying the coupling between 
primary and secondary coils of this type, some of 
which are still in use in modern receivers. 

Primary and secondary tuning coil units such as 
shown at A and B in lig. 31 are really Coupling 
Transformers to inductively couple the antenna cir- 
cuit to the rest of the receiver circuit, and are com- 
mouly called R. F. or radio frequency transformers. 

One distinct advantage of being able to change 
the coupling between the primary and secondary 
coils of these transformers, is that moving them 
farther apart greatly increases the selectivity or 
sharpness of tuning of the set. Even though this 
separation of the coils loses some of the energy or 
volume, it makes it much easier to separate nearby 
stations when tuning. 

When the coils are close together they are said 
to be close coupled, and this makes broader tun- 
ing. \When the coils are widely separated, they are 
said to be loose coupled, and effect sharper tuning. 

At C in Fig. 31 is shown still another method of 
varying inductance in a circuit, by using one coil 
which rotates within another slightly larger one, 
and connecting the two in series. This device is 
known as a Variometer, and is connected in series 
with the circuit to be tuned. 

When the inner coil is in a certain parallel posi- 
tion inside the stationary one, its flux coincides with 
that of the stationary coil thus setting up a strong 
magnetic field around all the turns, and increasing 
the inductance of the unit. When the small coil is 
rotated 90 degrees to a position at right angles to 
the larger one, its flux neither aids or opposes that 
of the other coil very much, and the field is about 
normal around both, thereby reducing the induct- 
ance to a little less than it was at first. When 
the small coil is rotated 180 degrees to the exact 
opposite parallel position to what it was at first, 
its fux will oppose and largely neutralize that of 
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Fig. 32. Variable condensers, such as commonly used for tuning the circuits of radio receivers to the desired wave length. These condensers 
each have one set of stationary plates and one set of movable plates by which their capacity can be varied. 


Tuning. 


the stationary coil, thus weakening the total field 
around them both and greatly reducing the induct- 
ance of the unit. 

Variometers of this type are not used as much in 
modern receivers as they formerly were. Fig. 31 
shows two types of variometers such as were used 
extensively in earlier types of radio sets. 

Some radio receivers use a set of changeable in- 
ductance coils known as plug-in coils, or honey- 
comb coils which can be conveniently interchanged 
for making definite changes of considerable amounts 
in wave length. 








Fig. 33. Variable condenser, with vernier adjustment or smal! section 
operated by a separate knob on the tuning dial. 


26. VARIABLE CONDENSERS FOR TUNING 


Another very efficient and convenient device for 
tuning radio circuits is the variable condenser, two 
of which are shown in Fig. 32. 

These condensers consist of a set of stationary 
plates and a set of rotary or movable plates, closely 
spaced and separated from each other only by air. 

When the rotary plates are fully meshed between 
the stationary ones the capacity of the condenser 
is at its maximum, as the greatest possible area is 
active. When the rotary plates are entirely removed 
from between the stationary ones the condenser 
capacity is at its minimum, as only their edges are 
then exposed to each other. 

By rotating the movable plates of such a con- 
denser slowly, very fine and smooth changes can 
be made in the tuning of the circuits in which they 
are connected. 

The plates are generally made of aluminum or 
brass, with the rotary ones mounted on a shaft and 
both sets mounted in a metal supporting frame, for 
convenient attachment to the panel or frame of a 
radio set. 

The greater the number of plates used the greater 
the capacity and tuning variation or range, and the 
coarser the adjustment for a given movement. The 
less the number of plates the smaller is the capacity 
and the finer the adjustment for a given movement. 

Some variable condensers are made with only 
three plates, two stationary and one rotary, for very 
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fine adjustments. These are called Vernier con- 
densers. 

Convenient tuning knobs and graduated dials are 
generally attached to the shaft of the rotary ele- 
ments. Some of these controls have a reducing gear 
or mechanism to enable slower movement and finer 
tuning with the condenser. Fig. 33 shows an earlier 
type of variable condenser which has the main ele- 
ment and also a smaller vernier element, and is 
equipped with the dial and knob. 

Variable condensers are rated in micro-farads, a 
unit with which you are already familiar from an 
earlier section on A. C. They are sometimes rated 
by their maximum capacity such as .001 mfd., and 
sometimes by their range of capacity, as .000045 to 
0005 mfd. Variable condensers are commonly made 
in sizes ranging from .000025 to .001 mfd. maximum 
capacities, one of the most common sizes being the 
standard .00035 mfd. condenser used in ordinary re- 
ceivers. Condensers are also made with different 
plate spacings for high or low voltage circuits, and 
are used both in radio transmitters and receivers. 
Fig. 34 shows three common methods of connect- 
‘ng variable condensers for tuning radio circuits. 
The first two shown at A and B are often used in 
transmitters but are seldom used in modern re- 
ceivers. The method shown at C being most gen- 
erally used in modern receivers. 

With the condenser connected as at A, in series 
with the antenna capacity, the total capacity and 
the wave length of the circuit are reduced; as you 
will recall from your previous study of condensers 
that connecting them in series reduces the voltage 
across each and thereby reduces their effective 
capacity. 





Fig. 34. Sketches showing three different methods of connecting variable 
condensers for tuning radio circuits. 

When the condenser is connected in parallel with 
the inductance as shown at B, it increases the total 
capacity and thereby increases the wave length of 
the circuit. 

When the condenser is connected across the sec- 
ondary of the radio frequency transformer or tuner 
as shown at C, it tunes the secondary directly and 
also tunes the primary or antenna circuit indirectly, 
by inductive coupling between the coils. This 


24 Radio Receivers. 


method provides one of the smoothest and best 
methods of tuning and is therefore extensively used 
in radio receivers. 

(NOTE)—Remember that adding inductance 
or capacity increases the wave length of a circuit. 
Connecting a condenser in series with the antenna 
or with a coil reduces the capacity and wave length 
of the circuit, and connecting the condenser in paral- 
lel with a coil increases the capacity and wave 
length. 

27. RADIO RECEIVERS AND DETECTORS 

While the tuning elements are absolutely essential 
to a radio receiver, the detector or device which 
makes it possible to hear or see the signals received, 
is often considered to be the heart of a receiver. 

We have mentioned both hearing and seeing the 
signals because in addition to hearing code signals, 
voice and music with headphones or loud speaker, 
some commercial radio receivers print the code 
marks or symbols directly on a paper tape or ribbon 
as they come in. Television devices also convert 
the received energy directly into visual pictures or 
material, and transmission of still pictures or photos 
by radio is another process in which the energy 
received is converted directly into visible form. 

As previously explained the transmitted radio 
energy or carrier wave is much too high in fre- 
quency to be audible to the human ear. Even after 
modulation by audio frequency currents the signal 
energy or current induced in the receiving aerial 
circuit, is alternating current of such high frequency 
that the diaphragms of the headphones cannot re- 
spond to it, because even their slight inertia pre- 
vents them from vibrating at such high speed. 

We find, however, that if we convert this high 
frequency alternating current into pulsating D. C. 
with the same variations in value as the modu- 
lated A. C. has, then the phone diaphragms can re- 
spond, as the pull set up on them by the pulsating 
D. C. through their magnet coils is all in one direc- 
tion, and simply varying in strength. 

This is the job or function of the detector, to 
rectify the received high frequency current into 
pulsating D. C. There are two common devices 
used for this purpose, namely, the crystal detector 
and the vacuum tube. The coherer mentioned earlier 
in this section was one of the earliest devices used 
as a detector, but is entirely absolete now. 

Crystal detectors were very extensively used for 
a number of years and were a great improvement 
over coherers. Crystals have certain disadvantages 
such as a lack of any appreciable amplifying ability 
and a need for frequent adjustment, so during the 
past few years they have been almost entirely re- 
placed by vacuum tube detectors. 

Crystals are still used along with tubes, however, 
in a few special types of sets, in certain experimental 
equipment, and are also carried as emergency equip- 
ment in certain stations, so we will very briefly 
cover their use and principles at this point. 





Crystal Detectors. 


Before we explain the function of crystals, how- 
ever, it will be well for you to carefully observe and 
become generally familiar with the list of com- 
monly used symbols shown in Fig. 36. These sym- 
bols will be used in the following diagrams of radio 
equipment, and are the standard ones used in rep- 
resenting various radio devices and parts in all 
ordinary diagrams and blueprints im magazines and 
text books, and those furnished by manufacturers 
on their equipment. 

So in order to be able to easily trace and read 
these diagrams and thereby understand the equip- 
ment they represent, you should learn to recognize 
each of these symbols and know what it means. 


28. CRYSTAL DETECTORS 


As previously mentioned, the function of a radio 
detector is to rectify the high frequency alternating 
current received. 

There are a number of crystals which have more 
or less of this property when current is passed 
through them. One of the most commonly used is 
the Galena crystal, which is a natural crystal forma- 
tion of sulphide of lead, and is found in lead mines. 
Zincite, bornite, and silicon crystals are also used in 
some cases. Carborundum crystals are also used in 
circuits with a low voltage battery. 

Fig. 37 shows a photo of a piece of galena crystal 
in a mounting or holder, and Fig. 38 shows a sketch 


of a mounted crystal at A, and at B a complete 


crystal mounting with its feeler contact or adjust- 
able cat-whisker, which is used to explore the sur- 
face of the crystal for sensitive spots. 

When a crystal such as galena is connected in an 
A. C. circuit, it will allow current to pass through 
it quite freely in one direction, and will almost en- 
tirely prevent its flow in the opposite direction. This 
is illustrated by the relative size of the current 
arrows on the wires leading to the crystal at A in 
Fig. 38. 

This rectifier action is thought to be due to either 
electro-chemical or electro-thermal action between 
the layers within the crystal structure, or at the 
point of contact between the tip of the cat-whisker 
wire and the crystal surface. 


29. ACTION OF CRYSTAL DETECTOR IN A 
RECEIVER CIRCUIT 

Fig. 39 shows a method of connecting a crystal 
and a pair of headphones to a tuning coil to form 
a simple radio detector or receiver. 

When the high frequency waves of a damped 
wave signal for example, strike against the receiv- 
ing antenna of such a circuit, they induce alternat- 
ing voltages in the antenna. This voltage tends to 
set up in the tuning coil, during each wave train, 
an alternating current such as illustrated by the 
curve at A in Fig. 40. 

The voltage drop across the coil L in Fig. 39 
will cause part of the current to flow through the 
crystal and headphones. 
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ALSO USED 
INTERMEDIATE Ae SYMBOL 
FREQUENCY R F AVE 
AERIAL TRANSFORMER FILAMENT TYRE OR D.C. GENERATOR 
1 16 31 46 
AUDIO- FREQUENCY GASEOUS TYPE 
LOOP ANNTENA OR A.F. INDUCTOR OR FILAMENTLESS (Ko =(O) eer 
on CHOKE SAE: peo 
2 17 Seem 41 
| AUDIO FULL WAVE 
S. GROUND FREQUENCY GASEOUS 
== TRANSFORMER RECTIFIER HEADPHONES 
5 : 18 33 48 
PUSH — PULL VOLTAGE 
A COUNTERPOISE A.F, TRANS. ®) REGULATOR LOUD SPEAKER 
TUB 
a 19 34 49 
p VARIABLE 5 WAVE METER 2a CONNECTED EE TELEPHONE 
= CONDENSER OR FREQUENCY WIRES 
l - SERA CROSSED WIRES am A D 
5 | 20 35 50 
VARIABLE CONDENSER —© ©@— PHONE TIP JACKS 
WITH MOVABLE LIGHTNING 
ZA PLATE INOC ATED FIXED RESISTOR ALAE TER o-— BINDING POST 
BY DOT rm a 
FUSE 
6 ol 36 51 
VARIABLE CONDENSER 
WITH MOVABLE VARIABLE ELECTROLYTIC : 
PLATE iNDICATED RESISTOR RECTIFIER BUZZER 
7 BY CURVED LINE 
DETECTOR OR 
i i E GANG OR EN pi Seta THERMO- ELECTRIC 
a CONDENSER A RECTIFIER ELEMENT 
8 23 38 55 
| FILAM MAGNETIC TYPE 
FIXED CONDENSER Seinen Mee 1 PHONOGRAPH 
| RESISTOR A PICK - UP 
9 24 39 54 
il L L i BLOCK OF | ORDINARY PH OTO—ELECTRIC CAPACITY EE 
FIXED l 3 ELEMENT CELL OR ELECTRO-STATIC 
CONDENSERS ' VACUUM TUBE PHONOGRAPH 
PICK-UP 
10 25 40 55 
INDUC TANCE i 
A.C. TUBE + — BATTERY 
A IE T WITH INDIRECTLY >< ARC aj WITH POLARITY 
HEATED CATHODE | D 
{1 At 56 
VARIABLE SCREEN GRID Dq PEA ING RO TORN i H LIGHT DOTTED 
INDUCTANCE AE ETEO —-%%—— AND QuENCHEO BORDER TO 
OR TUNING COIL CATHODE i : INDICATE CASES 
—-illlii— SPARK caps W AROUND APPARATUS 
12 42 57 
VARIOMETER A.C. SCREEN GRID 
TYPE OF TUBE WITH SS HEAVY DOTTED 
VARIABLE INDIRECTLY HEATED PIEZO-ELECTRIC NDICATE GROUN 
INDUCTANCE CATHODE CRYSTAL OR PLATE INDICA DED 
pad \— SHIELDING 
13 43 DO re 
COUPLED HALF WAVE —(v)— VOLTMETEA 
INDUCTOR OR RECTIFIER TUBE AND LIGHT LINES FOR 
A.F. TRANSFORMER WITH FILAMENT A R.F. & A.F. CIRCUITS 
—{ A — MMETER ; 
14 29 44 39 
R.F. TRANSFORMER FULL WAVE HEAVY LINES FOR 
WITH VARIABLE RECTIFIER TUBE ALTERNATOR FILAMENT ANDO 
7 COUPLING WITH FILAMENT 110V. POWER LEADS 
15 30 45 60 
Fig. 36. This chart shows the most commonly used symbols for rep resenting radio, devices and parts in circuit diagrams. Examine each 
symbol carefully so that you can recognize any of them in radio diagrams from now on. 
Eee a ee) ÁD aan 
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Fig. 37. Photo of a detector crystal fastened in its mounting. Such 
crystals as this were formerly used very extensively in radio re- 
ceivers. 


If the crystal were left out the high frequency 
current would not produce any sound at the phones, 
because it could not flow to any appreciable extent 
through the high impedance of the phone coils 
which are wound on iron cores. Even if the current 
did get through the coils in any useful amount the 
phone diaphragms could not vibrate at such high 
frequency, nor could the human ear hear it if they 
did. 

With the crystal in the circuit as shown in Fig. 39, 
however, the current is allowed to flow through it 
and the phones in only one direction, and is practi- 
cally all cut off in the reverse direction. This is 
illustrated by the curves at B in Fig. 40. 

Thus practically all that gets through the phones 
is pulsating D. C. or current in one direction. The 
current through the phones does not vary with, 
or follow, each of the high frequency pulsations of 
these rectified groups, but due to the impedance of 
the phone coils the current builds up to a sort of 
average value, in the form of one pulsation for each 
group or wave train, as illustrated by the large 
dotted curves at C in Fig. 40. 

These longer and slower current impulses 
through the phone magnets, all in one direction, 
cause the diaphragms to be attracted and released 
or vibrated at audio frequency, thus setting up 
audible signals. 





Fig. 38. The sketch at A shows a crystal and illustrates the rectifier 
effect on the current passing through it. At ; is shown a complete 
crystal mounting with the crystal and cat whisker in place. 


The same general action takes place with modu- 
lated C. W. energy of voice or music reception. 
The crystal rectifies the energy to high frequency 
pulsating D. C. by cutting of the flow in one direc- 
tion. Then the impedance of the phones causes the 
unidirectional voltage pulsations to build up cur- 
rent through the phone magnets, which does not 
vary much with each high frequency impulse, but 
varies or pulsates with the slower variations in 
value which are due to the audio frequency modu- 
lation of the waves, as was shown at C in Fig. 40. 

So we find that detection, or the change from 
radio frequency energy to audio frequency, takes 
place as a result of the combined rectifying action 
of the crystal and the choking action of the phones. 





Fig. 39. This sketch shows a circuit for a simple crystal detector 
radio receiver. 


30. AMPLIFICATION WITH CRYSTALS 
AND LOCAL BATTERY 

Some crystals such as those made of carborundum 
can be used with a small amount of current from 
a local battery added to that from the antenna, to 
obtain a sort of feeble amplification of the signal, 
through the valve action of the crystal. 

Hig. 41 shows a complete circuit diagram for a 
receiver of this type. 

A variable condenser is used for tuning the cir- 
cuit and a small fixed condenser “C” is connected 
across the phones and battery, to shunt or pass by 
them, the radio frequency current. This condenser 
is not large enough, however, to pass the audio 
frequency variations. Because of its function it is 
often called a by-pass or bridging condenser. 

The amount of battery voltage applied to the 
crystal and phones is carefully adjusted for best 
results, by means of a high resistance rheostat or 
potentiometer P. 


31. CARE AND USE OF DETECTOR 
CRYSTALS 
To obtain best results from detector crystals they 
should be kept clean and free from dust and grease, 
even being careful not to get the oil from ones 
hands on them by careless handling. Dirty crystal 
surfaces can be cleaned by washing with alcohol. 
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When it seems dificult to locate any sensitive 
spots by feeling or exploring the crystal surface with 
the point of the cat-whisker, new spots can often be 
uncovered by carefully chipping away small sec- 
tions or layers of the crystal. 

When operating a crystal receiver, one explores 
the crystal with the cat-whisker while listening with 
the phones. When a sensitive spot is touched it 
will be known by a slight hissing sound in the 
phones. This sound is partly due to static or at- 
mospheric disturbance. 
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Fig. 40. The curve at A represents the alternating current induced by 
damped wave-trains striking an aerial. At B is shown the curve 
for this energy after it has been rectified into pulsating D. C. by the 
crystal. At C the large dotted curves illustrate how each group of 
pulsations supply one current impulse to the headphones. 


Next adjust the tuning coil and condenser to the 
wave length of the desired station, tuning it in as 
loud and clear as possible. Then make a final ad- 
justment of the cat-whisker, or find the spot where 
the signal is best. 

Crystal receivers have received messages and 
signals from transmitters hundreds of miles distant, 
will produce very clear and undistorted signals, and 
are very cheap to construct. But they have the dis- 
advantage of requiring frequent adjustment and 
being incapable of any great degree of amplifcation. 

For these reasons vacuum tube receivers are 
much more dependable, and have replaced crystal 
sets almost entirely. 

32. VACUUM TUBES 

Before taking up vacuum tube types of radio re- 

ceivers and amplifiers it will be well to get a 





Fig. 41. Sketch of a crystal detector circuit using a battery and po- 
tentiometer for applying voltage to the crystal and obtaining slight 
amplification of the received signal. 


thorough general understanding of vacuum tube 
construction, operation and characteristics, and 
their functions as detectors and amplifiers. 

Vacuum tubes play a most important part in 
practically all modern radio equipment, and in fact 
have made possible the development of radio from 
the spark and crystal stage to the splendid equip- 
ment in use today. So again we wish to emphasize 
the value of obtaining a good understanding of these 
interesting devices. 

You have already learned about the general con- 
struction of the common three element vacuum 
tubes and their function as oscillators, in articles 9 
and 10 of this section, but at this point we will 
cover a few more details of their construction, ex- 
plaining their operation in general and also their 
function as detectors and amplifiers. 





Fig. 42. Two types of vacuum tubes such as commonly used in 
radio receivers. 


Fig. 42 shows two ordinary vacuum tubes such 
as are used by the millions in radio receivers. The 
tube on the left has the inside of its bulb covered 
with a silvery coating which is deposited on its 
inner surface in the process of manufacture, and on 
account of this coating we cannot see the parts 
inside. The tube on the right, however, has a clear 
bulb, and the thin pressed metal plate can be clearly 
seen, and some of the support wires for the filament 
and grid are also visible. 

Note the manner in which the sealed glass bulbs 
are cemented into the insulating bases, through 
which the connection prongs project. These prongs 
hold the tubes in sockets and complete the circuits 
to the socket terminals. 


33. TUBE CONSTRUCTION AND 
FUNCTIONS OF PARTS 
You will recall that the three important elements 
of the tube are the filament, grid and plate. The 
filament being heated to throw off electrons to com- 
plete a circuit and establish current flow between 
the plate and filament; the plate used as a positive 
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Construction. 





Fig. 43. The above views show the various parts of a vacuum tube and illustrate the manner in which these parts are assembled and mounted 
in the complete tube. Refer to these views frequently while reading the accompanying paragraphs. 


electrode to supply current from the B battery ; and 
the grid being used as a control element or shutter 
to regulate the electron stream and the current flow. 
Fig. 43 shows these various elements before they 
are assembled in the tube, and also shows the com- 
pleted tube. 


The filament is just a simple loop of high resist- 
ance tungsten or nickel wire, as shown both with and 
without its support at A, or in some cases just a 
single straight strip of this material held in place by 
a supporting wire, as shown by the right hand one 
of these filaments at A. 


The tungsten filaments of later model tubes are 
usually treated with thorium, and the nickel wires 
coated with oxide, to make them emit electrons 
more freely at lower temperatures. This makes 
them much more efficient than the older types, as 
the ordinary small tubes with the thoriated or oxi- 
dized filaments only require about .25 ampere, or 
% as much filament current as the older tubes. 
Many of these filaments operate at such low tem- 
peratures that they need only be heated to a dull 
cherry red, while others are operated at white heat 
or incandescence. 


Filaments of D. C. tubes are heated by current 
trom a low voltage “.\” battery, ranging from 1% 
to 6 volts, and filaments of A. C. tubes are heated 
by current from the low voltage secondary winding 
of a filament or power transformer. 


Tube hlaments are rather delicate and the tubes 
should never be roughly handled or the filament 
wires are likely to become broken or bent into con- 
tact with the grid. Filaments are also easily burned 
out if too high voltage is applied to them. 

At B in Fig. 43 is shown the grid of the tube. 
This grid consists of a coil or spiral of fine nickel 





wire and is placed around the filament, between it 
and the plate, and supported so that it does not 
touch either the filament or plate. See Fig. 44. The 
grid support consists of two small stiff wires which 
have their lower ends imbedded in the glass of the 
tube as shown at D in Fig. 43. Here the filament 
and grid are both shown mounted on their support 
wires which have been imbedded in the top of the 
glass post while it was hot and soft. 

As previously explained the grid, when positively 
or negatively charged, acts as a control or shutter 
to regulate the stream of electrons from the filament 
to the plate. 

The filament electrons being negative will be at- 
tracted to the grid when it is positive, and the 
electron flow thereby increased. When the grid is 
negative it repels most of the electrons, throwing 
them back toward the filament, and thus greatly 
reducing the stream of electrons to the plate. 


At C in Fig. 43 is shown the plate of the tube. 
This plate is made of a thin sheet of nickel, formed 
into a flattened or oblong tube or jacket, and when 
mounted it surrounds the filament and grid as 
shown at E in Fig. 43. 


Note the wires which are attached to the fila- 
ment, grid and plate, and taken down through the 
glass stem of the tube for connection to the tube 
prongs. 

The plate when connected to a B battery or other 
source of direct current supplies current to the tube 
and this current is controlled by the number of 
electrons between the filament and plate. These 
electrons being controlled by the grid, the grid also 
controls the plate current flow. 


At F is shown the glass bulb placed over the 
parts and ready to be melted or sealed to the base 
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of the glass inner support, thus making the tube 
air tight. 

3efore finally sealing the bulb, it is evacuated or 
has the air practically all pumped out. After this 
process it is sealed, fitted with a bakelite base and 
the lead wires are connected to the prongs in this 
base. 


In some cases a very small amount of inert gas 
is allowed to remain in the tube when it is evacu- 
ated, and in other cases a small quantity of alkali 
gas is put in the tube after the air is drawn out. 


Tubes of this type with low vacuum or with gas 
content are often referred to as soft tubes, and are 
generally used for detectors. Tubes with higher 
vacuum are called hard tubes, and are more com- 
monly used as amplifiers; although they are also 
used as detectors in some cases. 


Evacuating the tubes or removing the air and 
oxygen from them prevents the rapid burning away 
or oxidization of the heated filaments, and also 
makes a lower resistance path for current between 
the plate and filament. 


In certain types of modern vacuum tubes a small 
cup of magnesium is placed inside the tubes before 
sealing, and after evacuation and sealing the mag- 
nesium is exploded by means of a powerful high 
frequency field. The burning magnesium absorbs 
or consumes the small amount of gases left in the 
tube after evacuation. It is this process which 
causes the silvery deposit or coating on the inside 
of certain tubes. 





Fig. 44. Photograph of a vacuum tube with the plate opened up on 
one side to show the location of the grid and filament which are 
surrounded by the plate. 


Vacuum tubes are made in different sizes and 
types for use as detectors, amplifiers, and oscillators 
in various radio equipment. 

The average serviceable life of a good tube with 
proper treatment should be between 800 and 1,000 
hours of use. 
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Fig. 45. This sketch illustrates the electron flow from the filament to 
the plate of a vacuum tube when no potential is applied to the grid. 
You will note that only a moderate amount of electrons are attached 
to the plate while the grid is in this condition. 


34. OPERATION OF VACUUM TUBES 


In Fig. 45 is shown a sketch of a common type 
of 3 element vacuum tube. The filament is con- 
nected to a low voltage battery (1% to 6 volts) 
called an “A” battery, which supplies current to 
heat the filament. 

‘The plate is connected to a higher voltage battery 
(221% to 45 volts) called a “B” battery, which sup- 
plies a positive charge to the plate. 

The grid of the tube in this case is connected to 
the center of a potentiometer, which is connected 
across the filament. This is done to allow an adjust- 
ment of the grid potential or voltage, which is ob- 
tained from either the positive or negative filament 
lead. 

Note the three circuits thus formed. They are the 
grid circuit, consisting of the grid, grid lead, po- ` 
tentiometer, filament, and the gap from the filament 
back to the grid; the filament circuit, consisting of 
the filament, “A” battery and rheostat R; and the 
plate circuit, consisting of the plate, plate lead, 
milliammeter “MA”, battery leads, “L” battery, 
one side of filament, and the gap from the filament 
back to the plate. 

When such a tube is cold and has no current 
flowing through its Alament, no plate current will 
flow as the gap between the filament and plate is 
too high resistance. 

When the filament is heated by passing current 
through it electron emission is set up, and millions 
of negative electrons are thrown off around it in 
all directions. Some of these electrons fly across to 
the plate, due to the attraction of the positive plate 
for the negative electrens, thus completing a circuit 
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and allowing a very small current to flow from the 
B battery in the plate circuit. This current can be 
measured in milli-amperes by the meter M A. 


35. PLATE CURRENT 

This current which flows in the plate circuit when 
no signal voltage is applied to the grid, or when the 
grid is at normal potential, is called the normal plate 
current. The amount of normal plate current flow 
will depend on the type of tube, upon the electron 
emission from the filament, and upon the voltage 
applied to the plate. It commonly ranges from 5 to 
40 milliamperes in common receiving tubes. 

If the plate voltage is gradually increased, it also 
increases the positive attraction for the negative 
electrons, thereby increasing the number that stream 
to the plate. Therefore, as the plate voltage is in- 
creased, the plate current flow will also increase, 
up to a certain maximum value, where it will not 
increase appreciably with further plate voltage in- 
crease. The reason the plate current will not in- 
crease much beyond this point is because the in- 
creased plate voltage is drawing all of the available 
electrons emitted by the filament. This point is 
called the saturation point. 

To increase the plate current beyond this value, 
we would need to increase the electron emission 
from the filament by increasing its temperature. 

Fig. 46 shows a curve which illustrates the man- 
ner in which the plate current changes with varia- 
tion of plate voltage. 

This curve is approximate and shows the general 
plate voltage, plate current characteristic of com- 
mon receiving tubes, although its shape would vary 
a little for different types of tubes. 

Note how the plate current increases quite slowly 
as the voltage is raised from 0 to 60 volts, and then 
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Fig. 46. Curve showing the manner in which the plate current of a 
vacuum tube varies with changes of the plate voltage. 


increases very rapidly as the voltage is raised from 
60 to 200. Beyond this, however, the plate current 
increases very little for any further voltage increase. 


By careful examination of the curve, tracing up 
along the 60 volt line to the point where it crosses 
the curve, then reading to the left along a hori- 
zontal line to the left edge of the chart, we find 
the first 60 volts applied to the plate will only 
produce about 2% milliamperes. The next 60 volts, 
however, will raise the current from 2% to about 
82 milliamperes, and the next 60 volts brings it 
up to about 15 milliamperes. From this point on 
the curve begins to level off, and the next 60 volt 
increase only raises the plate current from 15 to a 
little above 18 milliamperes. 
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Fig. 47. This sketch shows the greatly increased flow of electrons from 
the filament to the plate of a vacuum tube when the grid is posi- 
tively charged at very low potential. 


36. CONTROL ACTION OF GRID 


In Fig. 45 the grid lead of the tube is connected 
through a potentiometer to the filament, and the 
grid kept about at zero potential so it takes practi- 
cally no part in the tube action or in causing the 
plate current. The plate current flow is simply due 
to the moderate amount of electrons drawn from 
the filament to the plate by its positive attraction. 


In Fig. 47 is shown another sketch of a tube with 
the grid positively charged by means of a low volt- 
age battery connected in its circuit. 

In this case the grid return lead is connected to 
the positive filament lead to prevent the A battery 
from applying negative potential which would 
overcome the effect of the cell in the grid circuit. 

When the grid is positively charged in this man- 
ner, even at very low potential, because it is close 
to the filament it exerts a great attractive force on 
the negative electrons from the filament, and causes 
them to stream toward it in great quantities. When 
these electrons reach the grid, a few strike and 
cling to it, but because they are then getting near 
to the plate which is of much greater positive po- 
tential, most of the electrons fly right on through 
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the grid to the plate, as shown in Fig. 47. Com- 
pare the number of electrons between filament and 
plate in this sketch with the number in Fig. 45, 
where the grid is at zero voltage. 

The greatly increased stream of electrons when 
the grid is positively charged as in Fig. 47, causes 
a corresponding increase in plate current, as shown 
by the milliammeter in the plate circuit. Compare its 
reading with that of the one in Fig. 45. 

In Fig. 48 is shown another sketch of a tube with 
the grid negatively charged, by reversing the 
polarity of the battery cell connected in its circuit 
and leaving the grid return connected to the nega- 
tive side of the filament. In this case the negative 
charge on the grid repels the negative electrons 
from the filament, throwing most of them back to- 
ward the filament and allowing only a very few to 
get through the plate. 

This nearly complete shutting off of the electron 
stream in the gap between the filament and plate, 
reduces the plate current nearly to zero, as shown 
by the milliameter in the plate circuit in Fig. 48. 

Compare very carefully figures 45, 47, and 48, 
until you are sure you fully understand the effect 
of the grid in controlling the plate current as the 
grid potential is varied or reversed. 
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Fig. 48. The above diagram shows the manner in which the electron 
flow from filament to plate is almost entirely shut off when the 
grid of the tube is negatively charged. Compare this sketch with 
those in Figures 45 and 47. 


37. VALVE AND DETECTOR ACTION 
OF TUBES 


We have found that the tube acts as a very 
sensitive valve, with the grid controlling the cur- 
rent in the plate circuit. It only requires a very 
small change of potential on the grid to make a 
much greater change in the plate current. So 
vacuum tubes also have an amplifying function, 
due to the fact that a very small amount of energy 
on the grid, even as small as a few millionths of a 
watt, will release and control much greater amounts 
of energy from the B battery. 

As the plate current is direct current supphed by 
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Fig. 49. Diagram of a simple single tube detector circuit using a grid 
eak and condenser to obtain detector action. 


the B battery, and only flows in one direction, we 
also find that a tube connected in such circuits will 
act as a rectifier. Or in other words, we can supply 
feeble alternating voltage to the grid circuit and 
have strong direct current pulsations set up in the 
plate circuit of the tube. 

As explained in an earlier article, rectification of 
the received high frequency energy is necessary to 
accomplish detection and to enable the headphones 
to produce audible signals. 

Irom the foregoing we find this rectification and 
detection can be accomplished with vacuum tubes 
as well as with crystals. 

In Fig. 49 a vacuum tube is shown connected in 
a simple detector circuit for receiving radio signals. 
The grid circuit is connected through a grid resist- 
ance and condenser, L and C, to the secondary 
winding of the antenna coupling-coil or R. F. trans- 
former T, and then back to the filament. The grid 
resistance and condenser will be explained later. 

A variable condenser is connected across the 
R. F. transformer for tuning the circuit to the 
proper wave length. A pair of headphones and a 
bypass condenser are now connected in the plate 
circuit in place of the milliammeter shown in the 
previous circuits. 

38. RECTIFIER ACTION 

When the antenna and grid circuits are tuned 
to receive signals from a transmitter, high fre- 
quency A. C. is induced in the grid circuit and this 
alternating voltage is applied to the grid. 


Each time the grid becomes negative the electron 
stream is diminished and the plate current reduced 
below normal. Each time the grid becomes positive 
the electrons are allowed to reach the plate in 
greater numbers and the plate current is greatly 
increased. Thus the application of high frequency 
A. C. causes pulsating D. C. to flow in the plate 
circuit. 

If the incoming carrier wave is modulated by 
voice or code signals, the variations in the value of 
the A. C. voltage applied to the grid will cause 
corresponding audio frequency variations in the 
pulsations in the plate circuit. This in turn sets 
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up vibration of the headphone diaphragms and re- 
produces the sound. 


Fig. 40 showed the audio frequency pulsations 
resulting from rectified groups of the high fre- 
quency waves of code signals, and while these 
groups were rectified by a crystal detector we now 
find that tubes will produce the same result. 
Vacuum tubes are much more sensitive as detectors 
than crystals are, because the tubes can use such 
very feeble voltages on the grid to control strong 
impulses from the B battery through the head- 
phones. 


39. OPERATION OF DETECTOR TUBE. 
GRID VOLTAGE, PLATE CURRENT 
CURVE 


The detector action of vacuum tubes can be 
greatly improved by taking advantage of a known 
characteristic of the tube and using just the right 
grid and plate voltages to work the tube at a certain 
point on its grid voltage plate current curve. At 
this particular point the pulsations will be more 
pronounced in one direction from normal plate cur- 
rent, thus producing greater variations in the pull 
on the phone diaphragms and greater signal 
strength. 


This point of maximum effectiveness of the tube 
as a detector is illustrated by Fig. 50, which shows 
the grid voltage, plate current curve or characteris- 
tic of a tube. This curve shows the manner in which 
the plate current of a common type of detector tube 
will vary with changes in grid voltage. 

Note that as the grid voltage is reduced from 
about 8 volts negative to zero potential, the plate 
current only increases very little, or from zero to 
about 1% milliamperes. As the grid voltage swings 
past zero and becomes positive, the plate current 
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Fig. 50. The above curve shows the manner in which the plate current 
of a vacuum tube changes with variations of the grid voltage. 


Characteristics. 


increases very rapidly for each volt of increase in 
positive grid potential, up to the point where it 
nears saturation. 

By using 22% volts on the plate of this tube, the 
lower knee or bend of the curve is kept about at 
the point of zero grid potential, as shown by the 
vertical dotted line crossing the curve about at this 
knee. The normal plate current which flows at zero 
grid voltage is indicated by the horizontal dotted 
line. Changing the plate voltage will change the 
shape of the curve somewhat. For example the 
plate voltage will cause a greater change in plate 
current for each volt of change in grid potential, 
and will cause the plate current curve to shift so 
that the zero grid voltage line will cross it at a 
point farther out in the straight portion. 


If a detector tube is worked with the zero grid 
voltage point at the knee of the curve as shown in 
Fig. 50, the alternating voltage applied to the grid 
will cause the pulsations of plate current to rise 
farther above normal value than they fall below. 
This is illustrated in Fig. 51. Here a section of a 
plate current curve is shown from A to B, the 
alternating grid voltage curve of an incoming 
damped wave signal from Gl to G6, and the re- 


sulting curve of the pulsating plate current trom 
Pi to Po. 


The voltage values of the alternations applied to 
the grid can be determined by the figures at the 
tops of vertical dotted lines, and the current values 
of the D. C. pulsations set up in the plate circuit 
can be determined by the figures at the left ends of 
the horizontal dotted lines. 


The normal plate current which flows at zero 
grid potential is shown by the heavy solid and 
dotted horizontal line. By following the vertical 
dotted line down from the tip of any alternation of 
the grid voltage to the point at which it strikes 
the plate current characteristic curve AB, and then 
following the horizontal line to the right, the plate 
current pulsation curve for that grid voltage is 
found. Then by looking to the left margin the cur- 
rent value of the plate pulsation or impulse can be 
determined. 


You will note that while the positive and nega- 
tive grid voltage alternations are equal in value or 
amplitude, the positives cause the plate current to 
rise about three times as far above normal as the 
negative cause it to fall below normal. This results 
in an average current increase or one long pulsation 
through the headphones. See the curved dotted 
line which indicates this. | 


In this diagram only three complete H. F. alter- 
nations are shown for the damped wave signal, but 
an actual wave group of this kind would probably 
consist of 12 to 30 or more oscillations, and the 
entire group of pulsations set up by them would 
be used to make up one of the audio frequency 
pulsations through the headphones. 
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Fig. 51. Curves showing the manner in which the signal voltage of a 
damped wave train is applied to the grid of a tube, and is both 
amplified and rectified in the resulting plate current impulses. Study 
this action carefully in the accompanying paragraphs. 


40. GRID BIAS VOLTAGE 


We have already stated that a detector tube can 
be worked at its most efficient point, by using the 
proper plate voltage to bring the bend or knee of 
the plate current curve at about zero grid potential. 
This condition was shown in Fig. 51. 

Another method of obtaining rectification or de- 
tector action, with maximum variations in plate 
current for each change of signal voltage on the 
grid, and thereby producing greater movement and 
sound from the phone diaphragms, is by giving the 
grid a negative bias. This means applying or keep- 
ing a negative potential on the grid at all times. 

This negative potential or bias can be obtained 
in several different ways. One way being to con- 
nect the grid return lead to a point between the 
filament rheostat and the negative side of the A 
battery, as at X in Fig. 52 A. This causes a nega- 
tive potential equal to the voltage drop in the 
negative side of the filament plus that in the rheo- 
stat, to be applied to the grid. 

Another method is by use of a “C”? battery or 
biasing battery as shown in Fig. 52 B, Here a low 
voltage battery C1 is connected in the grid return 
with its negative terminal toward the grid and its 
positive terminal to the filament lead. A small by- 
pass condenser C2 is often connected in parallel 
with this battery to allow the high frequency signal 
energy in the grid circuit to pass directly to the 
filament lead. 

At Cin Fig. 52 is shown a method of using a 
potentiometer or variable high resistance P, con- 
nected across the C battery for varying the nega- 
tive biasing voltage applied to the grid. Here again 
the by-pass condenser C2 is used to keep the feeble 
signal energy from having to pass through this 
high resistance in order to get to the filament and 
complete the grid circuit. 

41. GRID LEAK AND CONDENSER 
At D in Fig. 52 the negative grid bias is obtained 


by means of a grid condenser and leak, GC and GL, 
which you may recall were also shown in the de- 
tector circuit in Fig. 49. These devices accomplish 
the biasing of the grid in the following manner: 

When the tube is in operation some of the nega- 
tive electrons thrown off by the filament strike the 
grid and cling to it, thus tending to build up a 
slight negative charge on the grid. lf the grid re- 
turn is connected to one side of the filament as 1s 
generally the case, these negative electrons will 
flow right back to the filament or their source. If 
the grid lead was not connected to anything, the 
electrons not being able to drain or flow off from 
it would soon accumulate in sufficient amount to 
build up a considerable negative potential on the 
grid, and stop practically all flow of electrons from 
filament to plate, by the repelling action of this 
negative charge on the grid. 

Now if we had some way of holding just the 
proper amount of this negative charge on the grid 
and allowing the rest to escape, we could give the 
grid the desired negative bias in this manner, That 
is exactly what we do with the grid condenser and 
grid leak. 


A hihi 


HAli 





Fig. 52. The above sketches show four common methods of biasing the 
grid of a vacuum tube with a low negative potential. 


The grid condenser, while allowing the high fre- 
quency A. C. signal energy to pass through it to. 
the grid, will not allow the direct current flow of 
electrons or grid current to pass through it from 
grid to filament, around the grid circuit. Thus it 
acts as a blocking condenser to store up electrons 
and negative charge or bias on the grid. 


Now to prevent this charge becoming too high 
we place a high resistance “leak” across the con- 
denser to allow the excess electrons to leak back 
to the filament whenever the grid potential gets 
high enough. 

By selecting the proper sizes of grid condenser 
and leak for various tubes or circuit conditions the 
detector tubes can be properly biased for operation 
at the best point on their curves, and maximum 
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signal strength thus obtained at the headphones. 
The size of grid condenser commonly used is about 
00025 microfarad (mf.), and the grid leaks vary 
from about .5 to 10 megohms, the 2 megohm size 
being the most common. 

A low resistance leak allows the electrons form- 
ing the grid current to flow away from the grid 
more rapidly, thus maintaining lower negative po- 
tential or bias on the grid. A high resistance leak 
tends to hold back the electrons and grid current 
flow until greater negative potential is built up on 
the grid to force them to flow through the resist- 
ance back to the filament, and thus the higher re- 
sistance maintains a greater negative grid bias. 

Too high grid leak resistance may cause the tube 
to become inoperative or “paralized”, by storing up 
such a high negative potential on the grid that it 
stops practically all flow of electrons from filament 
to plate. 

Early forms of grid leaks were made with an 
inked strip of paper held in a tube or case with con- 
tact clips at its ends. The ink formed the very high 
resistance path through the leak. Later forms of 
grid leaks consist of a thin metallized or graphite 
coating applied in liquid form and dried and baked 
on the inside of a glass tube, or on a slender in- 
sulator element in the tube. 

‘The grid leak method of detection is more sensi- 
tive than the C battery method and is therefore best 
to use for very weak signals, from the antenna. 
The C battery method is best for handling strong 
signals, as there is less liability of overloading the 
tube. One advantage of the grid leak method is 
that a leak of proper resistance will automatically 
control or adjust the grid bias for variations in sig- 
nal strength. This can be understood by applying 
Ohms Law. We know that the current flow through 
any certain resistance will be proportional to the 
voltage applied. So whenever the electrons tend 
to build up a higher negative potential on the grid, 
this higher potential speeds up the rate of flow 
through the grid leak and keeps the negative bias 
quite well controlled. 


42, EFFECT OF NEGATIVE BIAS 


Now let us see just what effect this negative bias 
has on the operation of a detector tube. 

First of all it allows the use of much higher plate 
voltages, to obtain greater output from the tube 
and stronger signals in the headphones. Then by 
biasing the grid with a negative potential the in- 
coming signal oscillations simply cause the grid 
potential to become more or less negative, instead 
of positive and negative. This in turn causes all 
the variations or changes in plate current to be 
below normal instead of part above and part below, 
as when the grid is operated at zero potential. 

Operating the tube with a negative grid bias, or 
keeping the grid always at some negative potential, 
also prevents the grid from attracting to itself such 
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Fig. 53. These curves illustrate the rectifier or detector action obtained 
from a tube operating with a negative bias on the grid. This sketch 
shows I.C.W. signals applied to the grid, instead of damped wave 
signals as shown in Fig. 51. 





large numbers of electrons from the filament and 
thereby reduces the grid current. Excessive grid 
current 1s very objectionable as it robs the plate 
circuit of some of its current thereby reducing the 
tube efficiency, and it also tends to cause distortion 
of the signals. 

The manner in which a negative grid bias or 
potential reduces the grid current can be readily 
understood by keeping in mind that if the grid is 
always slightly negative it will not attract negative 
electrons to itself, even though it will allow them 
to pass through between the grid wires to the plate 
if the positive plate voltage is kept high enough 
to draw them on through. On the other hand, if 
the grid is not biased and is allowed to become 
positive on every other alternation of the applied 
signal voltage, it then attracts negative electrons 
to the grid wires, robbing the plate of that amount, 
and setting up grid current flow in the grid and 
filament circuit. 

Fig. 53 illustrates the manner in which a constant 
3 volt negative grid bias from a C battery or some 
DC source is used on a detector tube to work the 
tube at the proper point or knee of the plate current 
curve applied to it, which has high plate voltage. 

The use of the higher plate voltage causes the 
plate current curve to shift over so that the point 
of zero grid voltage comes in the straight portion 
of the curve, as shown by the light dotted vertical 
line running down from zero. The horizontal line 
X would represent the normal plate current at zero 
grid voltage. 

By using the 3 volt grid bias the working point 
of the grid voltage is shifted to the left of zero as 
shown by the heavy dotted vertical line. The 
normal plate current with the grid bias in use is 
represented by the horizontal line X1. 
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The curves G and Gl represent two groups of 
I. C. W. or interrupted continuous wave signal volt- 
ages applied to the grid. This signal voltage being 
alternating and of 3 volts amplitude, swings back 
and forth from 3 volts positive to 3 volts nega- 
tive. But on account of the 3 volts bias the grid 
signal voltage starts at 3 volis negative and causes 
the grid voltage to swing from zero to 6 volts nega- 
tive and back again, but never positive. 

The resulting pulsations or variations in the plate 
current as shown by the curves P and P1, increase 
and decrease from about 2.2 to .4 milliamperes, 
but never rise above the line X or what would be 
the normal current at zero grid voltage. 

The average plate current or the audio frequency 
pulsations which flow through the headphones are 
shown by the dotted curves. 


43. EFFECT OF GRID LEAK AND CON. 
DENSER ON SIGNAL STRENGTH 


Fig. 5+ illustrates approximately the operation of 
a tube using the grid leak and condenser method 
of biasing the grid. In this case the negative bias 
is not constant as with the C battery, but builds 
up during each signal group as the grid accumulates 
more and more electrons as each positive alterna- 
tion of the signal voltage is applied to it. This causes 
the bias voltage to swing from zero over to nega- 
tive about as shown by the dotted curve X. This 
is due to the negative electrons accumulating on 
the grid a little faster than they can leak off during 
the signal. Then during the idle period between 
groups of alternations the leak drains the grid po- 
tential down to zero again, as shown in Fig. 54 
by the dotted curve X falling back to the vertical 
zero line each time between signal groups. 
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Fig. 54. Curves illustrating detector action of a tube using a grid Jeak 
and condenser to obtain maximum rectification with plate current 
impulses falling below the normal plate current. 





However, the fact that the biasing voltage keeps 
practically all of the grid voltage variations on the 
negative side, the pulsations of plate current are 
practically all downward from the normal plate 
current. The dotted curve X1 shows the approxi- 
mate average plate current, and you will note the 
very decided decrease from normal during each 
signal group. This decrease of current through the 
phone magnets releases their diaphragms, and then 
as the average current rises back toward normal 
between signal groups the diaphragms are again 
attracted, thus causing strong vibration. 


You will also note that this form of bias allows 
the tube to be worked on a straight portion of the 
steeper curve above the bend or knee, thus making 
the full swing or change or grid voltage much more 
effective in producing decreases or variations in the 
plate current. This is one of the reasons for the 
extreme sensitivity of the grid condenser and leak 
method of detection. 
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Fig. 55. Detector action illustrated with audio frequency curves of the 
average variations caused in the grid voltage and plate current by 
the voice modulation on the carrier wave. 


44. VACUUM TUBES AS AMPLIFIERS 


We have already learned that vacuum tubes can 
be used for amplifiers as well as for detectors, be- 
cause of the fact that a small change in grid voltage 
and power will cause a much greater change in plate 
current and power. 


For amplification we do not need to operate the 
tube at the knee of its curve as we do to obtain best 
results in rectification and detection. Instead we 
operate it on the straight portion of the curve so 
that all variations or increases and decreases of grid 
voltage will be amplified equally, and the waves or 
impulses kept unchanged in shape and merely in- 
creased in amplitude or volume. 

Fig. 55 illustrates this amplifier action of a vacuum 
tube. The average voltage or output impulses of 
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Fig. 56. Circuit diagram of a simple 3 tube receiver with one tube 
used as a detector and two as amplifiers. Note how the signal 
strength is increased by each tube. 


the detector tube are applied to the grid of this am- 
plifier tube as shown at X. These are greatly 
amplified in the pulsations of plate current in the 
amplifier tube as shown at X1, but you will note 
that they retain their original shape or form. 

In Fig. 56 is shown a circuit by means of which 
the output of the detector tube is fed to the grid 
of an amplifier tube through an audio frequency 
transformer. The output of this amplifier tube is 
then fed to the grid or input of another tube for 
still further amplification if desired. This would be 
referred to as two stages of Audio Frequency am- 
plification, as these amplifier tubes only handle the 
energy after it is detected and converted into A. F. 
pulsating D. C., by the detector tube and impedance 
of the first transformer primary. Each separate 
amplifier tube with its transformer and circuit is 
called one stage of amplification. 


The peaks in the horizontal line above the cir- 
cuit diagram in Fig. 56 illustrate how the signal 
strength is increased by the amplification effect of 
the detector tube and by both of the amplifier tubes. 

The output of the detector tube is pulsating D. C., 
but by passing this through the primary of the first 
A. I’. transformer it sets up A. C. in the secondary 
and in the grid circuit of the first amplifier tube. 


This alternating current, however, carries the 
same general wave form and variations in value 
as the pulsating D. C., and thus conveys the signal 
to the grid of the amplifier tube. Here again it is 
amplified and rectifed to pulsating D. C., and then 
passed on through the next A. F. transformer to the 
next amplifier tube, etc. 

The audio frequency transformers not only serve 
as a means of coupling the tubes and circuits to- 
gether but also serve to aid amplification by increas- 
ing the voltage on the grids of following tubes, as 
these transformers are generally wound with a 
step up raio ol about Tto 2 or ktos. 

Amplifier tubes are also used to increase the 
strength of the signal before it reaches the detector 
tube. This is called R. F. or radio frequency ampli- 
fication as it is done before the energy is rectified 
and converted to audio frequency. Fig. 56-B shows 
the manner in which an R. F. amplifier tube in- 


creases the voltage or amplitude of the incoming 
R. F. signal and leaves it in the same true I. C. W. 
form, for rectification later in the detector tube. 


45. AMPLIFICATION FACTOR 


Some vacuum tubes are better amplifiers than 
others, depending upon their construction, and in 
particular upon the size and spacing of the grid 
wires and the distance between the grid and plate. 
Using small diameter grid wires, closely spaced, and 
placing the grid closer to the plate increases the 
amplifying ability of a tube. 

The term Amplification Factor is used to express 
the amount of amplification that can be obtained 
with a certain tube. This Greek letter Mu (a) is 
used as a symbol for amplification factor, and the 
expression “low Mu” or “high Mu” is often used in 
connection with amplifier tubes to express their 
ability as amplifiers. 

The amplification factor of a tube is determined 
by comparing the amount of plate voltage increase 
required to make a certain change in plate current, 
with the change of grid voltage required to make 
the same amount of change in plate current. 

For example, if a 3 volt change in grid voltage 
makes a change of 10 milliamperes in the plate cur- 
rent, and it requires a change of 30 volts on the 
plate to make the 10 milliamperes variation in plate 
current, then the amplification factor of that tube 
will be 30 + 3 or 10. The amplification factor of 
ordinary tubes such as the 201 or 301 types usually 
ranges from 6 to 10 although special high Mu tubes 
are made with amplification factors of 30 to 40 or 
more. 

Amplifier tubes are used for Voltage Amplifica- 
tion in some parts or radio receivers, and for Power 
Amplification in other parts. Voltage amplification 
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Fig. 56-B. Curves illustrating amplifier action of a vacuum tube. Note 
that the grid voltage impulses are greatly amplified or increased in 
the plate current impulses, but are kept in the same form instead 

of being rectified. 
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to merely increase the voltage on the grid of cach 
successive tube, is commonly used in radio fre- 
quency stages and in the first audio frequency 
stages, while power amplification which increases 
both voltage and current is used in the final audio 
frequency stages. 

For very sensitive detectors special soft, low 
vacuum or gas filled tubes are sometimes used, but 
in many sets ordinary hard or high vacuum tubes 
are used both for detection and amplification. 








== 


Fig. 57. Photo of power amplifier tube such as used for obtaining great 
amplification and handling larger amounts of plate current for pro- 
ducing stronger signals from radio receivers. (Photo courtesy of 
R. C. A. Radiotron Co., Inc.) 


For power amplification larger tubes of special 
construction, having lower internal resistance and 
greater capacity in milliamperes or watts are used. 
These power tubes provide the energy required for 
operation of large loud speakers and for better re- 
production of the heavy bass notes of music. Power 
tubes are very similar to ordinary amplifiers, except 
that their elements are larger, and they are designed 
for much higher plate voltages. Fig. 57 shows a 
power tube which has a capacity of 34 milliamperes 
plate current, or over 1.6 watts without distortion. 


46. SPACE CHARGE 

The cloud or stream of negative electrons which 
are thrown off by a tube filament into the space be- 
tween the filament and plate, create a negative 
charge in this space. This is called the Space Charge 
in a tube. 

The space charge tends to prevent free emission 
of electrons from the filament, as the negative 
charge or electron already in the space tend to repel 
and throw back the fresh electrons coming from the 


filament. The space charge is of course greatly 
reduced by the positively charged plate and also by 
the grid at any time it becomes positive, because 
they tend to attract the electrons, drawing them 
away from the filament more rapidly. 

One way of further reducing the space charge is 
to equip a tube with an extra grid located between 
the regular grid and the plate, and by keeping this 
grid at some positive potential to aid the plate in 
attracting the negative electrons. 

This extra grid is called a screen grid or shield 
grid and will be more fully described in later para- 
graphs. . 
47. INTERNAL CAPACITY EFFECT IN A 

TUBES a 


There is a small amount of capacity or condenser 
effect between the metal elements inside a vacuum 
tube, as these parts being separated by gas or 
vacuum and supplied with varying voltages, act as 
plates of a small condenser. 

The capacity between the grid and filament and 
between the plate and filament is generally about 
5 M. M. F. (miero-nicro-farads), or small enough 
so it does not interfere with the tube operation to 
any great extent. The capacity between the plate 
and grid, however, is about 8 M. M. F. in common 
detector and amplifier tubes, and may have a de- 
cided effect on the operation of the tube. 

This capacity is extremely small when compared 
with most of the condensers used in radio circuits, 
one micro-micro-farad being only one millionth part 
of a micro-farad. But even this small amount of 
8 M. M. F. in a tube is sufficient to create enough 
capacity coupling between the input and output cir- 
cuits of the tube at radio frequencies, to set up a 
feed back from the plate or output to the grid or 
input circuit. This often results in bad oscillation 
of the circuit and howling in the phones or speaker. 
In other cases the capacity between the tube elec- 
trodes causes absorption of energy from the input 
circuit by the output circuit. 

There is also a certain amount of capacity be- 
tween the socket terminals and wiring of tubes to 
add to this undesirable coupling effect through the 
tube. 

In order to prevent oscillation and howling, and 
reduced efficiency of the tube and its circuits, this 
tube capacity must either be neutralized in some 
manner, or reduced to a minimum by special con- 
struction within the tube. A method of neutralizing 
it by means of a small condenser outside the tube 
will be explained later. A method of reducing the 
capacity effect in newer type tubes is by the use of 
the extra grid or screened grid which has already 
been mentioned tor reducing space charge. 


48. SCREEN GRID TUBES 


The screen grid, we have now found, will serve a 
double purpose of reducing the space charge and 
also reducing the interelectrode capacity of tubes. 
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Fig. 58 shows a diagram of a screen grid tube 
connected in one stage of a radio receiver. This 
sketch shows the screen grid connected to the B 
battery or plate current supply, at a point which 
will supply it with from 22 to 45 volts positive 
potential. It is this positive potential which causes 
the screen grid to attract negative electrons toward 
itself and toward the plate which is charged posi- 
tive at 90 to 135 volts or more, and draws most of 
the electrons on through to itself. In this manner 
the screen grid helps to reduce the space charge, 
thereby greatly increasing the efficiency and the 
amplification factor of the tube. 

Amplification of 30 to 60 times can be obtained 
with screen grid tubes, as compared with 6 to 10 
times for ordinary tubes without this extra grid. 

You will note in Fig. 58 that the screen grid is 
made in two parts one of which is between the con- 
trol grid and the plate, and the other on the outside 
of the plate so that a complete shield is formed 
around the plate. 
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Fig. 58. Diagram of a screen-grid tube showing the connection of the 
Screen grid, and illustrating the manner in which it reduces the 
capacity between the control grid and plate. 


The capacity between the control grid and plate 
ina tube without the screen grid, would be as shown 
by the dotted condenser X. But when the screen 
grid is inserted it acts as a shield between the grid 
and the electrostatic field around the plate and 
thereby reduces the capacity effect between grid 
and plate to about 01 M. M. F. as compared with 8 
to 10 M. M. F. in ordinary tubes. 


This very great reduction of grid to plate capacity 
of the tube almost entirely prevents objectionable 
oscillation and feed back. 


The inner section of the screen grid consists of 
a spiral of closely spaced fine wires, very much like 
the regular control grid. The outer shield or section 
of the screen grid surrounding the plate consists 
of a screen mesh or a perforated band of sheet metal. 

Fig. 59 shows a screen grid tube with part of the 
outer screen and plate cut away to show the inner 
construction. Note the inner section of the screen 
grid which surrounds the filament and control grid, 
and is located between the control grid and the plate. 








Fig. 59. This excellent photograph shows a vacuum tube with part of 
the outer screen grid and part of the plate removed, to clearly show 
the inner screen grid in its position between the control grid and 
plate. (Photo courtesy of R. C. A. Radiotron Co., Inc.) 


The screen grid lead is brouglit out to the regular 
grid prong on the tube base, and the control grid 
lead on this tvpe of tube is brought out to the small 
metal cap on top of the tube. 

Screen grid tubes being very sensitive to outside 
capacity influence require good shielding from other 
stages and parts of the circuit. Where complete 
interstage shielding is not provided the tubes them- 
selves are otten equipped with grounded metal 
shields or hoods. 

Screen grid tubes are largely used as R. F. am- 
plifiers, although in some cases they are used as 
detectors. 


49. PLATE RESISTANCE AND MUTUAL 
CONDUCTANCE 

The internal resistance or plate circuit resistance 
of a vacuum tube depends upon several factors in 
the tube design, such as (a) spacing between tube 
elements, (b) length and area of filament, (c) 
filament condition-temperature and efficiency of 
electron emitting surface, (d) area of plate, (e) 
amplification factor, and (f) applied voltages. 

This plate resistance of course causes a certain 
amount of loss in the tube, proportional to the 
amount of resistance. Ít is, therefore, desirable to 
keep the plate resistance as low as possible without 
changing the tube design in such a manner that it 
interferes with other desirable characteristics. 

For example, a tube which is constructed with 
the proper spacing between grid wires and between 
the grid and plate, to obtain a high amplification 
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factor, generally has a high plate resistance also. 

The plate circuit resistance to D. C. can be easily 
determined according to Ohms law, or by dividing 
the plate voltage by the plate current. lor example, 
if a certain tube has 45 volts applied to its plate 
and shows a plate current flow of 1.7 milliamperes 
or .0O17 amperes, then as 








R— Ep 

Ip 
tl ist E 2 26,470+ ohms 
1e resistance will be -gy7 or <6, s. 


Plate resistance is generally expressed in Ohms 
resistance to the A. C. component of the pulsating 
D. C. plate current, and as this value is approxi- 
mately one half that of the D. C. resistance, it is 
easy to determine the A. C. resistance by calculat- 
ing the D. C. resistance and dividing it by 2. The 
term plate impedance was formerly extensively used 
for A. C. resistance, but the latter term is now be- 
coming more generally used. 

As both the plate resistance and the amplification 
factor of a tube greatly affect its performance, the 
term Mutual Conductance which considers both of 
these factors, is quite generally used in expressing 
or comparing the values of tubes of the same gen- 
eral type. 

Mutual conductance is expressed in Micromhos, 
and is found by dividing the amplification factor of 
a tube by its plate resistance, or 


GM = mee 
rp 
In which GM = Mutual Conductance in micromhos 
u = Mu or amplification factor 
rp = plate resistance 


In general, tubes with high mutual conductance 
are more efficient amplifiers than those of similar 
types having lower mutual conductance (GM). One 
should be sure, however, that the comparison is 
made between tubes of the same general type or 
tubes designed for the same service, and with simi- 
lar characteristics in other respects. This is because 
tubes of a different type having more of certain 
other characteristics might be better under certain 
conditions. 


50. A. C. TUBES 


Early types of vacuum tubes were all developed 
with filaments designed for heating with D. C. from 
low voltage A batteries, and great quantities of D. C. 
operated tubes are still made for use in battery 
operated sets in farm homes and places where elec- 
tric power supply is not yet available. Most mod- 
ern radio sets for use in city homes and places 
where 110 volt A. C. power is available, are made 
with A. C. tubes, which have their filaments heated 
by current from the low voltage secondary of a 
transformer. This is a great convenience as it 


eliminates the necessity of the messy and bulky wet 

storage batteries formerly used for filament power. 
A. C. tubes are of two general types known as 

Filament Type and Heater Element Type. 


A. C. “filament type’ tubes have simple filaments 
very much like those of D. C. tubes, except that 
they are generally made of a shorter and heavier 
wire. This enables them to hold their heat a little 
longer and does not allow the heat to vary so much 
with the rise and fall of the A. C. voltage. 


In filament type A. C. tubes the filament serves as 
the cathode or electron emitter the same as in D. C. 
tubes. 


In order to avoid very objectionable hum from 
the variations in the A. C. voltage, it is necessary 
to connect the grid return on these tubes to a cen- 
ter point on the filament, so that the voltage drop 
is equally balanced on each side of this connection. 
This is done either by using the center tap on a re- 
sistance unit connected across the filament ter- 
minals, or by use of a center tap sometimes provided 
on the secondary of the filament transformer. At 
A in Fig. 60 is a sketch showing how this connec- 
tion is made to the center tap of a resistor, and the 
dotted lines show how it would be made to a center 
tap on the transformer. Use of a resistance with a 
variable center tap allows the grid connection to 
be adjusted to the point of best balance and least 
hum. | 





Fig. 60. At A is shown a vacuum tube using A. C. to heat the filament, 
and having the grid return lead connected to the center of a po- 
tentiometer. At B is shown an A. C. heater-element type tube 
using A. C. for the filament and having a separate cathode which 
is heated by the filament. 


Filament type A. C. tubes are only used as am- 
plifiers and oscillators but not for detectors, because 
even with ‘the most careful selection of the neutral 
point for the grid return, considerable hum will be 
set up if they are used as detectors. Filament type 
A. C. tubes are generally called the “26” type as 
these last two numbers of the tube description num- 
ber are commonly used to designate this type of 
tube. It is well to note at this point that the last 
two numbers on a tube, are the ones that usually 
denote its type, and the preceding letters and num- 
bers indicate the manufacturer. 
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51. HEATER ELEMENT TUBES 


Heater element type A. C. tubes use a small oxide 
coated nickel cylinder as the cathode or electron 
emitter, and this cathode is heated by a filament 
which is placed inside the cylinder but is insulated 
from it. In these tubes the filament serves only as 
the heater element and not as the cathode or elec- 
tron emitter, and can therefore be made of ordinary 
tungsten wire. 

The filament being entirely insulated from the 
cathode or electron emitting element “practically 
none of the influence of the A. C. voltage variations 
is allowed to affect the cathode. In this manner 
practically all A. C. hum is eliminated. 

The grid return lead on these tubes 1s connected 
to the cathode lead which is brought out to a fifth 
prong on the Y type, five prong bases used for these 
tubes. Fig. 60-B shows the connection of the grid 
return to the cathode lead at X. Fig. Ol shows a 
sketch of a heater element type A. C. tube, showing 
a sectional view of the elements. Note the location 
of the flament or heater wire inside the insulator 
which separates it from the cylindrical cathode. 
This view clearly shows how the cathode is heated 
by heat from the filament passing through the in- 
sulator to the cathode, and also how the insulator 
separates the filament and cathode electrically, thus 
preventing A. C. hum. 

The grid and plate are also shown in sectional 
view in this sketch. 

Fig. 61-A shows a photo of an A. C. heater ele- 
ment tube with part of the special mesh type plate 
torn away to show the grid and cathode inside. 

A. C. tubes of the heater element type require 
from a few seconds to a half minute or more to heat 
up and become operative, as it takes a little time for 
the heat from the filament to pass through the in- 
sulating tube to the cathode. This time lag in the 








Fig. 61. Photo showing two different types of vacuum tubes for use 
in radio receivers. The filament of the small tube on the left can 
be operated on dry cells thus making it very good for use in 
portable sets. (Photo courtesy of DeForest Radio Co.) 


heat change is desirable, however, as it also works 
the other way, requiring a short period for the 
cathode to cool off, and thus making the tube less 
sensitive to momentary voltage variations and to 
the continuous variations in the A. C. voltage due 
to its alternations. 


A. C. tubes of the heater element type are used 
both for detectors and amplifiers. Their filaments 
operate on about < raolt and “require about lizs 
ampere. 








Fig. 61-A. Photograph of an A. C. heater-element vacuum tube with 
part of the plate removed to show the grid and the cathode inside 
of which the heater element or filament, is located. (Photo courtesy 
of R. C. A. Radiotron Co., Inc.) 


52. TYPES OF VACUUM TUBES 


Vacuum tubes for receivers are made in a wide 
variety of types and sizes, ranging from the little 
dry cell operated detectors and amplifiers up to 
power amplifiers capable of handling several watts. 


or transmitting purposes, amplifier, modulator 
and oscillator tubes are commonly made in sizes 
ranging from 15 watts to 20,000 watts, and some spe- 
cial tubes have now been made to handle 200,000 
watts. 

Qn the left in Fig. 61 is shown a “99” tube of the 
dry cell operated tube for use in portable receiving 
sets or sets for use in places where A. C. power sup- 
ply is not available and where storage batteries are 
undesirable. These tubes use less than .07 amp. at 
3 volts for their filaments, so can be operated on a 
few dry cells for several months of ordinary use. 

On the right in Fig. 61 is shown a “27” tube such 
as commonly used for either detector or amplifier 
duty. This is an A. C. tube of the heater element 
type. 

Qn the left in Fig. 62 is shown a “24” tube of 
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Fig. 61-B. This sketch gives a sectional view of an A. C. tube and 
shows the construction of the heater element, its insulator, the 
cathode, grid, and plate of the tube. 


high Mu or high amplification factor. This is an 
A. C. heater element screen grid tube. 


On the right in Fig. 62 is shown a “50” power am- 
plifier tube which operates with a filament voltage 
of 7.5 volts, filament current of 1.25 amperes, plate 
voltage of 250 to 450 volts, and is capable of hand- 
ling 4.6 watts of undistorted power output. 


Fig. 63 shows a 15 watt transmitter tube on the 
left and a 50 watt tube on the right. Fig. 64 shows 
a 250 watt transmitter tube on the left and a 5,000 
watt transmitter tube on the right. This 5,000 watt 
tube is water cooled by circulating cool water 
through the large metal jacket attached to the tube. 








Fig. 62. On the left is shown a screen grid amplifier tube, and on the 
right a power amplifier tube. (Photo courtesy of DeForest Radio Co.) 


In selecting or working with receiving tubes 
always keep in mind that the last two figures of the 
tube number designate the general type, and the 
first figure and letters denote the manufacturer. 
Cunningham tubes are generally known by the 
leters C or CX preceding their numbers, and the 
first figure is usually a 3, as C-301, C-327, ete. 

Radio Corporation tubes are known by the letters 
R C A, UX, UV, or UY preceding their numbers, 
and the first figure ts generally a 1, 2, or 8, as 
R C A-232, UV-199, UX-222, UX-865, etc. DeForest 
tubes have the name marked on the tube, and use 
no letters before the numbers, but the numbers gen- 
erally start with the figure 4 on receiving tubes and 
the figure 5 on the transmitting tubes. 

Regardless of whose make the tubes may be, on 
all those made by standard manufacturers the same 
last two figures always denote the same general 
type of tube. For example C-327, Ux-227, and 42/ 
tubes are all detector-amplifier tubes, or tubes suit- 
able for either detection or amplification, and they 
all have very similar characteristics. 





Fig. 63. This photo shows a 15 watt transmitter tube on the left, and a 
S50 watt transmitter tube on the right. These tubes are constructed 
very similarly to those for receivers except that they have larger 
elements spaced farther apart to handle the greater plate currents 
at higher voltages. (Photo courtesy of DeForest Radio Ca.) 


Fig. 65 is a chart giving the average character- 
istic of a number of the most common types of 
vacuum tubes used in radio receivers and in small 
transmitters. Study this chart very carefully noting 
the interesting and valuable data and information 
given for each tube, and if you will become familiar 
with the use of this chart you will find it very valu- 
able when selecting or testing tubes for various 
equipment. The data given helps to select tubes 
with proper characteristics for the set and condi- 
tions in which they are to be used. When testing 
tubes one can tell whether they are in good con- 
dition or not by comparing their operation with the 
data given for them. This chart is also valuable 
when checking up on operating voltages and con- 


ie 
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Fig. 64. The tube on the left in this photo is a 250 watt transmitter 
tube, and the one on the right is a water-cooled 5000 watt tube for 
large radio transmitters. (Photo courtesy of DeForest Radio Co.) 


ditions in a set to make sure that the tubes are not 
being abused and to adjust the set for satisfactory 
efficient operation and for maximum tube life. 


53. RECTIFIER AND VOLTAGE 
REGULATOR TUBES 

Special types of vacuum tubes are also used as 
rectifiers in “all electric” sets for converting or 
rectifying A. C. to D. C. for the plate supply and 
grid biasing energy. Fig. 66 shows a half wave 
rectifier tube on the left and a full wave tube on 
the right. 

The 481 tube on the left will give an output of 
110 milliamperes, of half wave current, and the 480 
tube on the right will deliver 125 milliamperes of 
tull wave current. 

The general principles of vacuum tube rectifiers 
have been explained in earlier sections of this refer- 
ence set, pertaining to rectifiers and chargers. You 
will recall that here again the hot filament is used 
as an electron emitter to enable current to flow 
trom plate to filament only when the plate is posi- 
tive and attracts negative electrons to complete the 
circuit. When the plate is negative it repels the 
electrons and prevents the flow of current through 
the tube in the reverse direction. By using two 
plates as in the tube on the right in Fig. 66, both 











halves of the cycle can be rectified or passed 
through in one direction, current flowing first from 
one plate and then the other, to the filament. Fig. 
6/ shows another type of half wave rectifier tube 
a little different from the one on the left in Fig. 66, 
but which operates very much the same. This tube 
is used to obtain higher D. C. voltages than can be 
handled with the ones shown in Fig. 66. 

Another specially designed tube is used as a 
ballast or voltage regulator tube in sets supplied 
with current from A. C. light circuits. These tubes 
have a fine wire anode and a large plate for a 
cathode, and are filled with a mixture of gasses at 
low pressure. When a certain voltage is applied to 
these electrodes the gas becomes ionized and allows 
current to How from the anode to the cathode. 

The valuable characteristic of these tubes is that 
their voltage drop remains almost constant for any 
value of current through them, up to their maxi- 
mum load. With the tube connected in parallel with 
a section of the resistance which is used across the 
output of the B voltage supply, it tends to absorb 
or smooth out variations in current load drawn by 
the tubes in the set, thus keeping the current in the 
resistance uniform, and thereby keeping the volt- 
age drop and plate voltage nearly constant. 


54. REACTIVATION OF VACUUM TUBES 


As mentioned before the life of good receiver 
tubes should be from 800 to 1,000 hours of normal 
use. Some tubes become inactive or very inefficient 
in a much shorter period, however. One should 
always keep in mind that the filament does not have 
to be burned out to make a tube useless. Tubes 
often fail because of a leak in the bulb and a loss 
of their vacuum, or after a period of service, fail 
because the electron emitting material has been ex- 
hausted from the surface of the filament. In other 
cases their electron emission may have been im- 
paired by overloading the tubes with too high plate 
voltage. 

In such cases tubes of the thoriated type can gen- 
erally be reactivated or brought back to normal 
emission by application of carefully controlled over- 
voltage to their filaments. 

When performing this operation the voltage 
should be carefully checked with a voltmeter and 
accurately controlled. 


For ordinary reactivation about 25 to 35 percent 


_over-voltage can be applied to the filaments for 


about 1 to 1% hours, without any plate voltage 
applied during this period. 

This heats the filament to a point where it boils 
or melts out a certain amount of the thorium from 
inside the metal of the wire to its outer surface, 
faster than the thorium is consumed by electron 
emission. 

During normal operation of a tube the thorium 
consumed from the filament surface is constantly 
replaced by more from within the metal until the 
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RCA RADIOTRON AVERAGE CHARACTERISTICS CHART 
DETECTORS AND AMPLIFIERS 


GENERAL DETECTION" | AMPLIFICATION 

























































































































































































































Max. Overall f i aT Plate | A. C. Mutual | Voltage 
Dimensions i Filament | Filament Plate Plate Plate | 8 Current | Sereen Plate [Conduct-] Amplifñi- 
Type Tse Filament Terminal | Current Supply | Current Supply —_— T| Milli- Grid | Resistance |ance Mi-| cation 
Supply Volts Amperes Volts |Milliamp.| Lead To |j Voits | DP- C- | A.C. | amp. | Votts Ohms | crohms | Factor 
on Fil. | on Fil. 
| Detector or z 90 45 —_— aoe == 15500 425 6.6 
WD-1 i Amplifier 11 | 0 25 45 | 15) 135 | 10.5 | — | 3s | —~ | 15000 440 6.6 
WX-12 | Detector oF 90 45 | — ae Gee 15500 425 6.6 
| Amplifier 135 | 10.5 | — 3.3 | — 15000 440 6.6 
L Deano 90 4.5 Saal, Sn inc 5600 | 1500 8.5 
UX-II2-Å “amplifier 135s | 9.0 Wee 7.8 _ 5300 | 1600 8.5 
ae Detector or = K ea} 
UV-199 || Dees 9 | 45 | 2 15500 | a25 | 6.6 
Ti Detector or | = ; 2 oat 
UX-199 | Dstecre i 0S 9 | 45 | ae 15500 425 6.6 j 15500 | 
Fe ee ee Following UX-200-A Characteristics Apply 
UX-200-A! Detector Only for Detector Connection 30000 666 20 
S AR a| Dedos 90 4.5 = 25; = 11000 725 8.0 
UX-201-Å| Amplifier 135 9.0 — 3u — 10000 800 8.0 
Ho RAAT Radice ae 135 1.5 = 1., | 45 | 850000 | 350 | 300 
UX-222 | “Amplifier us | 1s |_— 3.4 | 67.5 | 600000 | 480 290 
UX-222 Audio eee: isot | 15 = 0: 22.5 | 2000000 175 350 
an RF Amp. | Refer to 180 1.5 1.5 4.40 75 400600 1050 420 
UY-224 | oS Detector 2 1 75 || Technica! Bulletin 180 3.0 3.0 4.u 90 400000 | 1000 400 
UY-224 pines i == 250t 1.0 1.0 0.3 25 2000090 500 1000 
90 5.0 6.0 3.8 pE 8600 955 8.2 
UX-226 Amplifier 135 8.0 3.0 6.4 — 7200 1135 8.2 
180 12.5 13.5 7.4 Si 7000 1170 8.2 
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UY-227 | Detector or 25 |175 45 135 9.0 2.0 = "3000 | 1000 9.0 
Amplifier | igo | 13.5 | 13.5 9000 | 1000 9.0 | 18700 | 
RCA-230 | Xie Fes ea a E eee 
_RCA-232 | Pamptiter S tea E a0 EI ele 
UX-240 sei her, 50 | 0.25 dl ie isot| 3.0 | — — | 150000 | 200 30 
“For Grid-Bias Detection. refer to Technical Bulletins. tApplied through plate coupling resistor of 250000 ohms. tApplied thoough plate coupling resistor of 200000 ohms. 


POWER AMPLIFIERS 














































E ; 135 9.0 nS: 120 

UX-H12-A] mphiter | UX | 448" | 128" [D.C. or A.C. BOA RAN E aes llc foal Bes a a ES 8.5 260 
UNE120 Per xe lead ire DiC: 22.5 3.3 110 

“uxci7teal some | Ux |a” | 1g” lA.C.or D.C iv 3 u 
“(71-A) amplifier aoc Ais i ee OF Bieta: 40.5 3.0 700 
Power “# ” 18.0 8.0 400 
a i IC, mee 27.0 8.0 900 
SUEZ NO, a acre OS RE es a a S A | se ela nd |e ee ee 
RCA-23) | aee | w e DC. 22.5 3.5 170 
any Se | sisal) ERG cea | ey A ee 33. 3.5 780 
UX-245 | Four | UX | 53" | 2” |A.C.or D.C. a2 = ae 
er pie ea ey (oe) T a 41.0 3.8 1000 
UX-250 | Powe. | UX | 6b” | 244" |A.C. or D.C. ae aa a 
.0 : 3.8 4600 





RECTIFIERS 















1 A. C. Voltage per Plate (Volts RMS A eee 350 For D. C. Output Voltage 
UX-280 Full-Wave D. C. Output Current (Maximum MA) eS delivered to, filter of typical 
Rectifier 9 A. C. Voltage per Plate (Maximum Volta RMS.)..........-. 400 rectifier circuits. refer to Tech- 

D. C. Output Current (Maximum MA.) e -e-e o o TIO nical Bulletin. 
Fo D. C. Output Voltage 
UX-281 Half-Wave A. C. Plate Voltage (Maximum Volts RMS.) ._.....--.-..-- 760 delivered to filter of typical 
Rectifier D. C. Gutput Current (Maximum MA.)..00 ee 85 rectifier circuita, refer to Tech- 


nical Bulletin. 


SPECIAL PURPOSE 


a Se SS SS EL 








: “Bites Operating Voltage... 2. cece cece ie a 90 Volts D. C. 
UX-874 Voltage UX $i” | 23," | PEER voaat o Po EE wiken Start-ng Voltage Gul ees 125 Volts D. C. 
Regulator 1 n gra SUR Bee ebay ot Operating Current... we ee ee «(10-50 Milliamperes 
| es ; DOOD ren 
| Current 
is Regulator " wv Designed to insure constant input to power operated ratio Operating Current asooo. ooo oeo eme eere ere He eee 1.7 Amperes 
UV-876 | SR Mogul 8 2 vs receivers despite Auctuations in line voltage. Voltage Range... a nce cee cee tenes 40-60 Volts 
u 
Current 7 
UV-886 Regutator Mogul 8” 235 m Designed to insure constant input to power operated ralio Operating Current o.an ee eee eee nee 2.05 Amperes 
(Ballast receivers despite fluctuations in line voltage. Voltage Range... ma... Ș e - eaae 40-60 Volts 
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FOR AMATEUR AND EXPERIMENTAL TRANSMITTING USE 


























Maximum Overall | | | 
Dimensions Filament Filament Voltage Normal Approx. | Approx. Maximum Maximum | Normal 
Use" Base _ Terminal | Current | Amp. Plate Grid - Screen Plate Plate Power 
| Volts ‘Amperes | Factor Volts Bias Volts- Current Dissipation Output 
Height Width Volts Amperes Watts Watts 
eee es e—a ee ee ee M eee ee ee eee 
Oscillator or " ” z 
R. F, Amplifier UX 8i 63 10 0 3 25 12 | 2000 250 — | 0.10 | 100 | 75 
Oscillator or 1" " 150 50 75 125 0 06 15 TS 
R. F Amplifier UX | 64 235 75 | 20 | 5 0 
f 1 [oe et ee I a LU 
Half -W Maximum Peak Inverse Voltage -n a -ee 5000 Volts 
Diners UX 63 a 2i% p 225 | 5.0 Maximum Peak Plate Current u. aee ce 0.6 Ampere 
| Approximate Tube Voltage Drop......... . -- Aes 15 Volts 





Fig. 65. The above chart gives the characteristics of a large number of the most common vacuum tubes, and gives a lot of very valuable data 
that will be a great help in selecting vacuum tubes for various circuits and uses, and also in testing tubes in service. Characteristics and 
data for new tubes which are developed from time to time, can be obtained by writing to the R. C. A. Radiotron Company. The data 
given for any of the above tubes is very much the same as for tubes of similar type and number, made by other manufacturers. Tube 
characteristics charts can be obtained from other manufacturers by writing for them. (This chart courtesy of R. C. A. Radiotron Co., Inc.) 
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Fig. 66. On the left is shown a half-wave rectifier tube and the one 
on the right is a full-wave rectifier. Such tubes are used in “power 
packs” of A. C. receivers. (Photo courtesy of DeForest Radio Co.) 


tube is worn out. lf the tube is overloaded by apply- 
ing excessive plate voltage it uses up the thorium 
on the filament surface faster than it can be replaced 
from within the filament metal. Thus the need for 
reactivation or “rejuvenation” as it is sometimes 
called. 

If the slow reactivation just outlined doesn’t suc- 
ceed in bringing the tube back to normal emission 
and plate current at the proper filament and plate 
voltages, then the flashing process may be used. 

This consists of applying from 3 to 4 times nor- 
mal voltage to the filament for about 10 to 12 
seconds, and then continuing for 30 minutes to an 
hour or more at the 25% over-voltage rate as pre- 
viously explained. 

By testing the tube at 30 minute intervals during 
the latter process it can be determined when its 
emission and plate current become normal again. 
If 2 hours reactivation treatment does not revive a 
tube it should be discarded. 

Many common types of tubes can now be ob- 
tained at such low cost that it does not pay to spend 
much time trying to reactivate them. 


55. GENERAL 


In order to get the best service and maximum 
life from vacuum tubes one should see that they 
are operated according to the following instructions: 

l. See that the filament is not operated at any 
higher voltage than the normal filament voltage rat- 
ing, and keep the filament rheostat set as low as 
possible with good results. A filament voltmeter is 
helpful in adjusting the filament voltage. 

2. Do not use high plate voltages without the 
proper “c”? battery voltage on the grid, and never 
higher than the maximum plate voltage rating of 
the tube. 

3. Always see that D. C. filament connections 
are made right to get proper polarity, and never re- 





Reactivation. Care. 


versed. Reversed polarity of the filament leads re- 
duces the effectiveness of a tube and may cause the 
rheostat to be turned too high in an effort to bring 
the signal up to normal. 

+. Do not try to operate a good tube and a bad 

one trom the same rheostat, or the good one may be 
overloaded in an effort to bring the poor one up to 
normal. 
5. Ifa set uses a separate rheostat to reduce the 
hlament temperature of one or more tubes to obtain 
volume control, see that this rheostat is set for full 
volume before adjusting the filament rheostat of 
these tubes. 

6. See that tubes are not subjected to vibration, 
and that they are kept tight in their sockets and 
ventilated sufficiently to prevent over-heating. 

Vacuum tube construction, operation and char- 
acteristics have been covered quite completely in 
this section, and while it is not expected that you 
will remember all of the points covered at the first 
reading, if you obtain a good general understanding 
of vacuum tubes, and then frequently refer to this 
material for reference it will be extremely valuable 
to you, because of the importance of a good knowl- 
edge of tubes to the radio service man. 


56. RECEIVING CIRCUITS 
Now if you have obtained a good general knowl- 
edge of radio principles and vacuum tubes as ex- 














Fig. 67. Another type of half-wave rectifier tube for use with higher 
voltages, such as required for the plates of power tubes. (Photo 
courtesy of R. C. A. Radiotron Co., Inc.) 
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Fig. 68. The smaller tube on the left in this figure is a voltage regulator 
tube, and the larger one on the right is a current regulator or fallast 
tube. Tubes of this type are used in power supply units for A. C. 
receivers (Photo courtesy of R. C. A. Radiotron Co., Inc.) 


plained so far, we are ready to take up common 
types of receiving circuits. 

One of the simplest forms of radio receivers is 
the plain single tube detector set, such as shown 
in Fig. 49. : 

You have of course learned that any practical 
radio receiver must at least consist of a detector 
circuit, to convert the radio frequency energy into 
audio frequency impulses capable of operating the 
headphones and making audible sounds. Most sets 
have several stages of amplification in addition to 
the detector, as the detector alone can only receive 
signals from a limited distance, and can usually 
only supply power enough to operate headphones. 


Examine Fig. 49 again and we find that its im- 
portant parts are the R. F. coupling transformer, 
tuning condenser, grid leak and condenser, tube, 
rheostat, phones, bypass condenser and A and B 
batteries. 

The purpose and function of each of these parts 
las been generally explained already. It will be 
well, however, to bring out certain points more in 
detail at this time. 


The R. F. transformer is used to couple the an- 
tenna circuit to the grid circuit of the tube by mag- 
netic induction. Inductive coupling of this type is 
extensively used in receivers as it gives much 
sharper tuning than direct conductive coupling. By 
adjusting the spacing between the primary and 
secondary coils the sharpness of tuning can be 
varied. Tuning becomes sharper as the coils are 


moved farther apart or more loosely coupled, and 
it becomes broader as the coils are more closely 
coupled. 

Close coupling can be used for receiving very 
weak signals, and loose coupling for receiving 
stronger signals and keeping out other undesired 
signals from near by stations, and also to reduce 
static and other interference. 

R. F. transformers or tuners with variable cou- 
pling are made in a number of forms, some with a 
rotating secondary coil and others with a hinged 
coil, while some have sliding coils. All serve the 
same general purpose, however. 

These coupling transformers also serve to step 
up the signal voltage applied to the grids of the 
tubes, as their primary coils are generally wound 
with fewer turns than the secondaries. Tuning in- 
ductances or R. F. transformers for ordinary broad- 
cast wave lengths generally have about 15 to 20 
turns of about #28 cotton or silk covered wire on 
their primaries, and about 45 to 75 turns of #28 
on their secondaries. 


R. F. transformers are generally constructed in 
a manner to keep the distributed capacity in the 
coils at a minimum. This capacity is very undesir- 
able in an inductance because of the losses it causes 
by the absorption of R. F. energy in the capacity 
effect. In order to reduce distributed capacity in 
inductances for radio work they are often wound 
with the turns spaced apart, or crossed at an angle 
when in more than one layer. 


Many inductance coils of this type are covered 
over with a layer of insulating varnish which holds 
the turns in place and prevents moisture and dirt 
from affecting the insulation and inductance of the 
coil to such an extent as they often do untreated 
coils. 


On the left in Fig. 69 is shown an adjustable type 
of R. F. transformer with the primary on the small 
movable form, and the secondary mounted station- 
ary. With this type of transformer or tuner the 
coupling can be adjusted or set at the best point 
for the stations desired. The tuner on the right in 
this figure will be explained later. 


The tuning condenser should be carefully chosen 
to fit the wave length to be received and the induct- 
ance of the coils. A variable condenser of about 
.00035 mfd. is most commonly used for ordinary 
broadcast wave lengths. 


The grid leak is generally about 1 to 2 megohms 
and the grid condenser about .00025 M. F. Any 
good detector tube with a D. C. operated filament 
can be used in a battery set of this type. The head- 
phones should be goad ones of about 2000 to 3000 
ohms resistance or more, and the bypass condenser 
002 M. F. The A battery should be from 2 to 6 volts 
according to the type of tube used and the rheo- 
stat from 10 to 25 ohms according to the filament 
current required by the tube. The B battery should 
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Fig. 69. On the left is shown a tuning coil or antenna coupling transformer with a movable primary for adjusting the coupling. On the right 
is a three circuit tuner or set of coils used for antenna coupling and regeneration. The small movable coil on the top is the primary, the 
large stationary coil the secondary, and the inner movable coil the ‘“‘tickler’’ or feed back coil. 


be from 22% to 45 volts according to the type of 
tube used. A number of these values can be found 
in the tube chart, by noting the data given for the 
tube selected. 

A detector of the type shown in Tig. 49 ts ex- 
tremely simple to tune and operate. One good 
point to keep in mind is to adjust the rheostat to 
operate the tube at as low filament voltage as pos- 
sible with good signal strength in the phones. 
Burning the filament at excessive temperature does 
not usually improve the signal and sometimes 
actually makes it weaker, and it also shortens the 
life of the tube. 


57. REGENERATIVE DETECTOR 
CIRCUITS 


Special circuits using regenerative or reflex prin- 
ciples are sometimes used to get maximum results 
from one tube . This is often a decided advantage 
in portable receivers, but generally such circuits 
have some disadvantages such as objectionable 
oscillation or producing poorer quality signals. 

Fig. 70 shows a diagram of a feed-back or regen- 
erative detector circuit, which can be used either in 
single tube sets or‘in the detector of a set with 
amplifier stages. 

This circuit makes use of part of the plate cur- 
rent to strengthen the charge on the grid, by in- 
duction between a coil L2 in the plate circuit and 
the grid coil Ll. By tracing this circuit you will 
find that the plate current passes through coil L2. 

The radio frequency variations of current which 
exist in the plate circuit, and which are passed 
around the phones by the bypass condenser C, set 
up high frequency flux around coil L2. The strength 
of this flux varies in proportion to the signal 
strength on the grid, which causes the pulsations in 
plate current. This varying flux around coil L2 
induces voltage in coil Ll which will aid that in- 
duced by the antenna coil L, providing coil L2 is 
connected with the proper polarity. If this coil is 


connected wrong its flux will oppose that of coil 
LI, and the leads of coil L2 should be reversed. 

The audio frequency variations in the plate cir- 
cuit do not affect the grid voltage much by regen- 
eration because the air core R. F. transformer coils 
L1 and L2 operate most effectively on high fre- 
quency. Furthermore, any slight audio frequency 
which might be induced in the coil L1 cannot pass 
through the grid condenser as it is too small to 
pass much energy at low frequency. 

As these circuits depend on the R. F. component 
of the plate current for their regenerative effects 
the bypass condenser C is very necessary to allow 
this R. F. energy to flow past the impedance of the 
phones. 

The coil L2 is often called a tickler coil because 
of its boosting effect on the voltage of coil L1 and 
the grid circuit. The tickler coil is often arranged 
so it can be adjusted with respect to coil Ll, so 
the amount of feed-back from the plate to grid cir- 
cuit can be varied by rotating or moving the tickler 





Fig. 70. This diagram shows the circuit of a regenerative detector for 
obtaining maximum signal strength with one tube. The tuner on 
the right in Fig. 69 could be used for the coils L, L1 and L2 in 

this figure. 
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closer to or farther from the grid coil. In other 
cases the tickler coil is fixed or stationary and a 
variable condenser is connected across it to control 
regeneration. 

On the right in Fig. 69 is shown a 3 circuit tuner 
for use in regenerative detectors. The primary is 
the small coil on top, the secondary is the large 
stationary coil, and the movable tickler coil can be 
seen inside the secondary. 

By using the energy fed back from the plate cir- 
cuit to strengthen the signal voltages on the grid 
in this manner, such regenerative circuits give con- 
siderable more amplification and will receive weaker 
signals than a nonregenerative set. 


1,000,000 CYCLES 


999,000 CYCLES 


1,000 CYCLES 





Fig. 71. The above curves illustrate the manner in which energy at 
two frequencies (1 and 2), can be mixed or heterodyned to produce 
waves of varying amplitude at 3, which result in a third frequency 
or beat note as shown by the dotted curve at 4. 


58. OSCILLATION AND HETERODYNING 
OF REGENERATIVE CIRCUITS 


Regenerative circuits are also useful for receiving 
continuous wave code signals, as these sets can be 
adjusted to oscillate at a frequency of their own 
and thus set up an audible beat note with the re- 
ceived C. W. signal. 


Beat notes are produced by waves of different 
frequencies first aiding and then opposing each 
other at regular intervals and thus setting up a 
resulting wave of still another frequency, known 
as the beat note or frequency. This beat note is 
always of a frequency equal to the difference be- 
tween the two frequencies used to produce it. 

This mixing of two different frequencies to pro- 
duce a beat note is also called heterodyning. 


Fig. 71 illustrates the manner in which a wave 
of 1,000,000 cycles and one of 999,000 cycles blend 
together to create a beat note of 1,000 cycles. 

You will note that the first waves A and Al of 
number 1 and 2 sets of curves are in phase, and 
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Fig. 72. Circuit diagram of a reflex receiver, in which the one vacuum 
tube is made to serve both as an R. F. and A. F. amplifer, and a 
crystal is used as the detector, 


unite to make one larger wave A2 in number 3 set 
of curves. As the waves of the upper two sets 
progress, however, they get more and more out of 
phase, until at B and B1 they are in almost exact 
opposition to each other, or 180 degrees out of 
phase, and the result shown at B2 is practically 
zero. 


Then as the waves come nearer into phase again 
the resultant wave builds up greater and greater 
until at C and Cl where the waves of different fre- 
quency are again in phase with each other they 
build up to maximum value in the circuit again as 
shown at C2, and so on. 


When the resulting wave is rectified by detector 
action of the tube, the result is shown at number 4, 
and you will note that the average value then pro- 
duces a low frequency audible beat note, as shown 
by the dotted curves, 

This same beat note principle is also used in 
superheterodyne receivers which will be explained 
later. 


One of the disadvantages or objections to the use 
of regenerative receivers is that they often oscillate 
when not intended to, and set up oscillations in the 
antenna circuit which transmit continuous waves 
that heterodyne and interfere with other near by 
receivers. 


59. REFLEX CIRCUITS 
Another method cf obtaining maximum results 


and signal strength from one tube, is by the reflex 
circuit shown in Fig. 72. This circuit makes the 
vacuum tube do double duty or serve as both an 
R. F. and A. F. amplifier, and uses a crystal as a 
detector. Or if desired, another tube can be used 
as the detector. 

Both R. F. and A. F. currents are handled in re- 
flex circuits by providing two paths, one of low 
impedance to the R. F. currents and one of low 
impedance to the A. F. currents. Thus the two fre- 
quencies can be separated where desired, and again 
mixed or handled together where desired. 

We know that high inductances such as coils of 
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Fig. 73. Circuit diagram of a three tube receiver using two stages of 
R. F. (radio frequency) amplification and a detector. 


iron core transformers or headphones will offer high 
impedance to R. F. currents, and less impedance 
to A. F. currents; while condensers offer more im- 
pedance to A. F. currents and less impedance to 
R. F. currents. 

With a reflex circuit such as shown in Fig. 72, 
the R. F. currents in the antenna circuit and pri- 
mary coil of the first R. F. transformer, induce the 
R. F. signal energy into the secondary of this trans- 
former, which applies this voltage to the grid of 
the tube. The grid circuit is completed from this 
transformer secondary by a direct connection from 
the top of the coil to the grid, and from the bottom 
of the coil through the bypass condenser C2 to the 
filament rheostat and filament. The condenser C2 
is connected across the secondary of the A. F. trans- 
former to pass the R. F. currents by its impedance. 

The tube acts as an R. F. amplifier to this in- 
coming signal energy, and produces much stronger 
R. F. impulses in the plate circuit. These amplifed 
R. F. impulses pass from the positive of the B bat- 
tery through the bypass condenser C5, across the 
phones, and through the primary of the second R. F. 
transformer to the plate, returning through the tube 
and filament to B negative. 


These strengthened R. F. impulses through 
the second R. F. transformer primary, induce still 
higher voltage in its secondary on account of the 
step up ratio of the transformer. This energy from 
the secondary is next passed through the crystal 
detector to bring out the audio frequency signal 
variations or pulsations, and this A. F. energy is 
passed through the primary of the A. F. trans- 
former. This induces A. F. impulses of still higher 
voltage in the secondary of this step up transformer, 
and from the secondary they are again applied to 
the grid of the tube, which now acts as an audio 
frequency amplifier. 


When these A. F. impulses are thus amplified 
again by the grid of the tube controlling much 
stronger impulses in the plate circuit, this audio 
frequency plate curent now passes through the 
phones which offer less impedance to the low fre- 
quencies than does the small bypass condenser C5. 

Even though the R. F. and A. F. impulses are 
mixed in the tube and both being handled at once, 


we find this is entirely possible and practical with 
an ordinary amplifer tube. By use of proper by- 
pass condensers and parts in the circuit, to pre- 
vent distortion by passing the R. F. currents 
around the high impedance devices, and by proper 
tuning adjustment, fairly clear, strong signals can 
be obtained with these reflex circuits. 

However, reflex circuits are used very little 
in modern sets because the double duty placed on 
the tube tends to overload it and make it difficult 
to obtain the best tone quality in voice and music 
reproduction. The action in reflex circuits is really 
quite similar to that of regenerative circuits, except 
that it is audio frequency energy which is fed back 
through the tube. 

The principles of this circuit are explained to help 
you understand these receivers in case you might 
be called on to service one, and also because some 
of the principles used in separating the high and 
low frequencies are valuable for the radio man to 
know. 


60. RADIO FREQUENCY AMPLIFICATION 

Multiple tube sets of more than 3 tubes generally 
use both radio frequency and audio frequency am- 
plification. The term radio frequency amplification 
applies to all stages ahead of the detector tube, as 
these stages handle and amplify the incoming signal 
energy at radio frequency. The term audio fre. 
quency amplification applies to all stages following 
the detector, as these stages handle and amplify 
the rectified audio frequency energy. Fig. 73 shows 
a diagram of receiver using two stages of R. F. 
amplification and a detector. The circuit is very 
easy to trace and its operation is simple. 

The R. F. signal energy is stepped up in voltage 
by the first R. F. transformer and applied to the 
grid of the first amplifier tube. The increased energy 
in the plate circuit of this tube is passed on through 
the second R. F. transformer to the grid of the 





Fig. 74. Several types of R. F. coils or transformers, used for coupling 
R. F. stages together, or passing the signal energy from the output 
of one tube to the input of the next. 
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second tube. Here it is further amplified and ap- 
plied to the grid of the detector tube, which can 
be easily identified by its grid leak and condenser. 
From the detector tube the output energy in the 
plate circuit is applied to the phones, and is very 
much stronger than if the R. F. stages had not been 
used. 


For example it the first tube amplifies the signal 
about 8 times, and the second tube amplifies tlre 
output of the first 8 times again, this produces a 
signal & x 8 or 64 times as strong, without counting 
any amplification which may take place in the de- 
tector. Another R. F. stage would increase the 
signal to 8 x 64+ or 512 times its original value. 
More than three stages of R. F. amplification are 
rarely used because of distortion and losses due to 
the leakage and capacity coupling between circuits 
carrying R. F. currents. 

R. F. feedback due to this capacity coupling often 
results in severe oscillation and howling unless it is 
prevented by neutralizing the circuit as will be ex- 
plained later, or by use of screen grid tubes and 
shielding as is done in later type sets. 

Screen grid tubes have such low internal capacity 
that they do not permit any appreciable feed back 
through them and are therefore excellent for use 
in R. F. amplifier stages. If stages using sereen 
grid tubes are properly shielded with grounded 
aluminum or copper partitions around and between 
them, objectionable feed back, oscillation, and 
interstage interference, can be almost entirely 
eliminated. 


The R. F. transformers used to couple the stages 
of radio frequency amplifiers are generally wound 
with about 15 to 20 turns on the primaries and 50 to 
80 turns on the secondaries, or a step up ratio of 
about 1 to 3%. These windings are usually wound 
in plain solenoid form on fibre or bakelite tubing, 
with the primaries and secondaries spaced a small 
distance apart on the same tubular form, or on two 
separate forms one within the other. In some cases 
the coils are coated with a cement like insulating 
compound which holds the coils in shape so the 
forms can be removed. Fig. 74 shows several types 
of R. F. transformers, and Fig. 75 shows a larger 
view of another type which has its primary and 
secondary coils arranged to provide a complete cir- 
cular path for the flux through both coils. 

Transformers of this type are often called air core 
transformers and are designed to handle R. F. cur- 
rents only. 

In the circuit in Fig. 73 a variable condenser is 
connected across the secondary of each of the R. F. 
transformers to tune each stage to the same fre- 
quency, as all R. F. stages should be tuned to the 
wave length or frequency being received, in order 
to obtain efficient operation and maximum signal 
strength. 





The rotors of all of these condensers can be con- 
nected together on one shaft, or by other mechanical 
means so that they can be operated by one dial, and 
thus simplify the tuning controls. In order to do 
this, however, the circuits of all stages must be 
accurately matched in inductance and capacity. 
Small trimming condensers not shown in Fig. 73 
are often provided and connected across the main 
tuning condensers to balance up slight inequalities 
in the circuits, in an original adjustment when the 
set is tested and installed. These trimmer con- 
deusers are shown by dotted lines in Fig. 76. 


One advantage of R. F. amplification is that it 
amplifies the signals without amplifying so much, 
certain classes of static, audio frequency, inter- 
ference and microphenic noises, which are ampli- 
hed bv audio frequency stages. 

Note that the amplifier tubes in Fig. 73 both have 
their filaments controlled by one rheostat, and have 
full B voltage applied to their plates, while the de- 
tector has its separate filament rheostat and a 
lower voltage plate tap on the B battery. 





Fig. 75. R. F. transformer with self supporting coils, arranged side 
by side to allow the flux to take a more efficient circular path 
through them. 


61. AUDIO FREQUENCY AMPLIFICATION 


Two stages of audio frequency are very com- 
monly used to further increase the signal energy 
after it leaves the detector. Fig. 76 shows a diagram 
of a five tube receiver with two stages of audio 
frequency amplification in addition to the R. F. 
stages and detector. 


Audio frequency stages use iron core transform- 
ers for handling the low frequency pulsating D. C. 
currents after the detector. The straight lines be- 
tween the coils in the diagram indicate iron cores 
in the transformers. These transformers are much 
more efficient than R. F. transformers, and if prop- 
erly constructed they will handle the energy from 
stage to stage with very little distortion. A. F. 
transformers are wound with several thousand 
turns on their primaries and secondaries and with 
ratios of from 1 to 1 up to 1 to 6 or higher. Thus the 
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Fig. 76. Circuit diagram of a simple five tube receiver, using two stages of R. F. amplification, a detector, and two stages of A. F. (audio 
frequency) amplification. Study this circuit carefully as it is quite typical of thousands of receivers in use. Carefully trace the coupling 
circuits from stage to stage, and also the filament and plate circuits of all tubes. 


transformers also aid in increasing the voltage ap- 
plied to the grids of the tubes. Ratios higher than 
1 to 3% are seldom used, however, as they tend to 
produce distortion. 


Fig. 77 shows an iron core A. F. transformer 
and Fig. 78 shows how the primary and secondary 
leads are arranged and marked for proper con- 
nection. 


Good audio transformers should be designed to 
amplify as near equally as possible, all audio fre- 
quencies from 150 to 5000 cycles, and thus avoid 
distortion and produce as true reproduction as pos- 
sible of the words and music. A. F. transformers of 
course handle frequencies from 20 to 10,000 cycles 
per second, but most of the notes of voice and music 
come in the range between 150 and 5000 cycles, so 
a transformer that handles these frequencies well 
gives good results. 


Good A. F. transformers must have large enough 
iron cores so that the plate currents they are to 
handle will not saturate them. When a transformer 
core is saturated a further increase of current will 
not produce a proportional flux increase, and thus 
the output or secondary voltage does not vary in 
proportion to the primary input, and distortion 
results. 


The primary winding of an A. F. transformer 
should have an impedance at least equal to that of 
the plate circuit of the tube to which its primary 
connects. 


As the A. F. stages handle only low frequency 
currents no tuning condensers are needed. One of 
the reasons for A. F. transformers being of higher 
efficiency than R. F. transformers, is that the former 
use greater numbers of ampere turns in their wind- 
ings, and low reluctance iron cores. These low re- 
luctance iron cores also confine the flux to the 
transformer more and prevent so much leakage of 
stray flux. 


There is some leakage of flux around A. F. trans- 
formers, however, and to prevent interference from 
it they should be spaced 4 or 5 inches apart or turned 
with their cores at right angles to each other. A. F. 
transformers often have thin metal shields around 
their cores and windings, and those which do not 
generally have shielding placed between them in the 
set to minimize inductive interference. 


It is possible to obtain an increase of 400 times 
in signal strength with the amplification of the tubes 
and step up ratios of the transformers in two stages 
of A. F. amplification. 

The arrangement of the audio frequency ampli- 
fier stages shown in Fig. 76 is known as a cascade 
connection, because of the manner in which the 
energy passes on through one stage after another. 


More than two stages of A. F. amplification are 





Fig. 77. Photo of a common type of iron-core audio frequency trans- 
former, with a metal case or shield enclosing the core and coils. 
Transformers of this type are used for coupling between A. F. 
amplifier stages. (Photo courtesy of Thordarson Electric Mfg. Co.) 
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seldom used on account of increasing distortion with 
greater numbers of stages. Another reason for 
limiting the number of stages of amplification in a 
receiver, is that when currents of very large value 
are built up in the wires and leads of the set it is 
difficult to keep the fluxes around these conductors 
from interfering and inducing out of phase voltages 
in other conductors and thus causing distortion and 
losses. 


62. A. F. TRANSFORMER AND AMPLIFIER 
CONNECTIONS 

In Fig. 78 you will note that the outer lead on 
the secondary coil is marked G for connection to 
the grid of the tube which this secondary feeds. It 
is very important to get this proper lead connected 
to the grid, because the inner lead is closer to the 
grounded transformer core and thus is more closely 
coupled to the core and ground by capacity. As the 
grid of a tube is fundamentally a voltage operated 
device, we should use the transformer lead which 
is farthest removed and at highest potential from 
ground. This lead to the grid should also be kept 
as short as possible. 


OUTSIDE 
™ SEC, LEAD 
TO GRID 


PRI. LEAD 
TO PLATE 


INSIDE 
SEC. LEAD 
TO FIL OR C- 





Fig. 78. This sketch shows the common arrangement of the primary 
and secondary coils and leads of A. F. transformers, and also shows 
the manner in which these leads should connect to the other devices 
in the circuit. 


The other secondary lead F, should connect to 
filament terminal or to the negative terminal of the 
C battery when one is used. Note the C battery 
connections to the grids of the two tubes in the 
A. F. stages in Fig. 76. The primary terminals P 
and B+ are connected to the plate of the tube and 
to the positive terminal to the B battery re- 
spectively. 

The primary and secondary leads of most A. F. 
transformers are marked as described above and as 
shown in Fig. 78, to make it convenient to connect 
them properly. 

In Fig. 76 you will note again that the detector 
tube is supplied with lower plate voltage than the 
amplifier tubes, in order not to overload the detector 
tube and cause distortion. You will recall that the 
use of proper voltage on the detector works it at 
the proper point on its plate current curve to give 
maximum rectification and best detector action. In 








Fig. 79. Audio frequency transformer with sides of metal shield re- 
moved to show insulation around coils. This unit is equipped with 
brackets and slots for convenient mounting either on a horiven tal 
or vertical panel. (Photo courtesy of Thordarson Electric Mfg. Co.) 


some later type sets, however, a form of detection 
called power detection is used, and higher voltages 
are used on the detector tubes by using the proper 
negative bias on the grid. This bias is obtained 
from a “C” battery or from the voltage drop in a 
resistor in the circuit. 


In Fig. 76 you wil) note that the plates of R. F. 
amplifer tubes use voltage somewhat higher than 
that on the detector tube, and that the A. F. tubes 
can use still higher voltage without overloading, be- 
cause of the C battery negative bias used on their 
grids. The proper plate voltages and grid bias volt- 
ages for various detector and amplifier tubes are 
given in the tube characteristics chart in Fig. 65. 


63. PUSH PULL AMPLIFICATION 


The five tube circuit shown in Fig. 76 will ordi- 
harily give plenty of amplification and power output 
to operate a loud speaker, on signals from powerful 
stations or stations not too far distant. 


When it is desired to operate a loud speaker with 
considerable volume it may require more power 
from the receiver than can be handled without dis- 
tortion by a single ordinary amplifier tube, such as 
used in the last stages of the circuit in Fig 76 

In order to obtain increased volume and improved 
quality two amplifier tubes can be connected in a 
sort of parallel arrangement in the last stage, as 
shown in Fig. 80. This arrangement is called a 
Push-Pull amplifier connection. 


By examining Fig. 80 you will find that a push- 
pull amplifier stage makes use of audio frequency 
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transformers with center taps on their windings. 
The secondary of the input transformer feeding 
the push-pull tubes is tapped, and the primary of the 
output transformer which couples the set to the 
loud speaker is tapped. The center tap on the 
secondary of transformer number two connects to 
the filaments of both tubes, providing a filament 
return circuit for both grids which are connected 
to opposite ends of this transformer secondary. 
A “C”? battery can be connected in the grid return 
lead at X to bias the grids if desired. 


With the grids connected in this manner when 
alternating voltage is induced in the secondary of 
number two transformer, first one grid is positive 
and the other negative, and then the other grid 
becomes positive and the first one negative. 
Thus each tube handles one half of every cycle, or 
handles every other alternation. 
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Fig. 80. Diagram showing the connections of a push-pull amplifier, using 
two tubes in the last stage, to increase the volume and improve the 
quality of the set. 


The positive lead from the “B” battery connects 
to the center tap of the output transformer primary, 
and the ends of this split primary connect to the 
plates of the tubes as shown. 


With the grid of first one tube and then the 
other becoming negative at alternate intervals, the 
“B” battery feeds current first to one plate and then 
the other, thus supplying two full plate current im- 
pulses to the primary of the output transformer 
during each cycle. These alternate impulses are in 
opposite directions through the two halves of the 
split primary, however, and thus cause a much 
greater voltage and flux change in this winding than 
the mere rise and fall of the plate current of a single 
tube would. Thus the output of both tubes is com- 
bined in the primary of the output transformer to 
deliver greatly increased energy from its secondary 
to the loud speaker. 


Two stages of push-pull amplification, often called 
double push-pull, are sometimes used, and in 
such circuits a push-pull interstage transformer with 
center taps on both primary and secondary is used. 


Push-pull amplification with the small amplifier 
tubes is not used so much in modern receivers any 
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Fig. 81. Photo showing opposite sides of two push-pull A. F. trans- 
formers. Note the three terminals on the side with the center-tapped 
coil. (Photo courtesy of Thordarson Electric Mfg. Co.) 


more, because the development of power tubes with 
much greater output capacity has made it unneces- 
sary. But even power tubes are often connected 
push-pull in the last one or two stages of heavy duty 
power amplifiers, used for operating large speakers 
in public address and theatre installations where 
great volume is needed to carry the sound through- 
out a large hall or auditorium. 


Fig 81 is a photo of two push-pull transformers 
with their opposite sides shown in this view. Note 
the three terminals from the winding with the cen- 
ter tap. 


Fig 82 shows a photo of a complete audio fre- 
quency amplifier using two number 210 power tubes 
in push-pull in the last stage, fed by a 227. The 281 
sockets are for half-wave rectifier tubes for the 
power unit. Note the push-pull transformers on the 
right near the panel or terminal board, and the 
smaller A. F. transformers to the left. 


The sockets and wiring can be clearly seen in this 
photo, and you will also note the power supply 
transformer, condenser and choke coil, which will 
be explained a little later. 
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Fig. 82. This photograph shows the wiring and arrangement of parts in 
a complete power amplifier, without the tubes. Two number “210” 
power tubes are used in push-pull in the last stage of this amplifier. 
It also contains its own power supply unit. (Photo courtesy of 

Thordarson Electric Mfg. Co.) 
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64. POWER AMPLIFICATION 


We have already referred to the use of power 
tubes where great volume of sound is desired from 
loud speakers, and some of the figures in the section 
on vacuum tubes showed tubes of this type. The 
chart on tube characteristics in Fig. 65 also gives 
the complete data on various power tubes. Power 
amplification simply means using power tubes of 
the proper size in the final stage or the stages of 
audio frequency amplifiers. The circuits and con- 
nections are practically the same as those of the 
straight audio or cascade, and push-pull amplifiers 
already shown, except that higher plate voltages and 
negative grid bias voltages are used on the power 
tubes. The voltage and current required by their 
filaments is also a little different. so separate fila- 
ment resistors are used for power tubes. 





Fig. 83. Photo of a neat and compact power amplifier which can be 
connected tå the output of an ordinary receiver, an electric pickup 
on a phonograph, or to a microphone of a public address system, 
and will supply power enough to operate large loudspeakers. (Photo 
courtesy of Thordarson Electric Mfg. Co.) 


Even where the sound volume requirements of 
a receiver or amplifier are not so great, one stage of 
moderate power amplification is often used to pro- 
vide plenty of undistorted power to faithfully repro- 
duce all notes of voice and music, and thus obtain 
much better tone quality in the reproduced sound. 

The heavy bass notes of music require much more 
energy to fully reproduce with a loud speaker dia- 
phragm than the higher pitched notes do, and the 
recent development of power tubes and amplifiers 
has greatly improved the tone quality of radio sets 
and speech amplification equipment such as used in 
talking picture installation and public address sys- 
tems. 

As a comparison of the greater amount of power 
available from power tubes, the ordinary 201-A or 
301-.\ tube has a maximum undistorted plate power 
output of about 55 milli-watts, as compared with 
5 tu 7 watts output for some of the modern 
power tubes. This vou will note is about 91 times as 
much power output from the large tube, and vou can 
readily understand what an improvement in tone 
quality, and increase in sound volume this should 
make possible. 





Fig. 83 shows a complete modern power amplifier 
designed for use where great volume is required. 
This amplifier can be connected to the output of an 
ordinary radio receiver, to a microphone or electric 
phonograph pick-up, or to the pre-amplifier from the 
sound head otf a talking picture machine, and can 
be used to amplify the audio frequency energy to a 
point where it will operate very large speakers and 
fill a large room or hall with sound. 

This particular type of amplifier is so constructed 
that several of them can be connected in parallel to 
give as great volume as required for most any pur- 
pose. 


65. VOLUME CONTROL 


Where radio sets have considerable reserve capa- 
city it is very desirable to have some form of volume 
control to prevent excessive sound, or “blasting” of 
the speaker when receiving nearby stations. 

Sometimes the volume is controlled by adjusting 
the filament rheostat of the detector tube, but this 
is not such good practice and the detector filament 
rheostat should only be used to adjust the filament 
temperature of this tube to a point where the signal 
is clearest and best. On modern A. C. receivers no 
detector filament rheostat is provided, but they are 
in use on most older type battery operated sets. 

When a filament rheostat is used for volume 
control its principle of operation is easily under- 
stood. Increasing the resistance in series with the 
filament decreases the filament current and tem- 
perature, thereby reducing the electron emission 
and amount of plate current flow. 

Some receivers use a potentiometer or variable 
high resistance of 100,000 ohms or more, connected 





Fig. 84. The above sketches show six different methods of obtaining 
volume control in the R. F. or A. F. stages of radio receivers and 
amplifiers. 
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across the secondary of the first A. F. transformer 
to control the volume of the set. When the resist- 
ance of the potentiometer is reduced it simply 
shunts part of the energy from the transformer sec- 
ondary away from the grid of the first A. F. ampli- 
fier tube. and thereby reduces the voltage applied to 
that grid. This in turn reduces the output of that 
tube and results in less energy and amplification in 
the remaining stages, and less volume at the speaker. 
This method of volume control is shown at A in 
Fig. 84. 

Some receivers obtain their volume control in the 
R.F. stages, by use of potentiometers of several 
hundred thousand ohms resistance, shunted either 
across the primary of the first R. F. transformer or 
across the secondary of one or more of the R.F. 
interstage transformers, as shown at B and C in 
Fig. 84. 

Any of these methods simply cause a loss of part 
of the signal energy through the potentiometer re- 
sistance, and thus reduce the energy in the circuits 
and stages from that point on throughout the set. 
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Fig. 85. The sketch on the left shows the transformer method of cou- 





pling a loudspeaker to the output or plate circuit of the last tube. 


On the right is shown the impedance method of speaker coupling. 


~ Volume control can also be obtained by varying 
the amount of negative bias on any of the tubes, 
by means of an adjustable resistance across the C 
battery, or by variable voltage taps on the C bat- 
tery or negative bias supply. See Fig. 84-D. 

Some older type receivers use potentiometers in 
series with the plate circuits of one or more R. F. 
tubes, to reduce the plate voltages applied to these 
tubes, and thereby reduce their output. See Fig. 
84-E. 

Modern A. C. receivers with screen grid tubes 
frequently use potentiometers in series with the 
leads from the B battery or D. C. supply to the 
screen grids of these tubes. Varying the positive 
potential of these screen grids varies the space 
charge and electron flow as previously explained, 
and thereby controls the plate current and power 
output of the tubes. This method of volume con- 
trol is illustrated for one tube in the sketch in 
Fig. 84-F. 

It is easy for one with a knowledge of vacuum 
tube and amplifier principles to understand how any 
of these methods explained will effect volume 
control. 

Volume control in the R. F. stages or first audio 
stage is generally considered to be better than in 
the last audio stages, because if the volume is re- 
duced in the R. F. stages it prevents overloading 


of the detector and audio amplifier tubes. There is 
very little possibility of R. F. tubes ever becoming 
overloaded when supplied with proper voltages, be- 
cause the signal energy is too small until after it 
has been amplified by several stages. 

Some radio receivers are equipped with switches 
for cutting out one or more R. F. or A. F. stages, 
or with jacks to enable the speaker to be plugged 
in ahead of the last one or two A. F. stages in 
order to operate at lower volume. 


66. LOUD SPEAKER COUPLING 


The armature coils of loud speakers are not 
usually designed to operate on voltages above 180 
volts, and as large power tubes are designed to 
operate with plate voltages from 135 to 450 volts, 
some form of transformer coupling must be pro- 
vided to reduce this output voltage to the speaker. 

One of the most common forms of loud speaker 
coupling is a simple output transformer or audio 
transformer of 1 to 1 ratio, connected as shown on 
the left in Fig. 85. 

At first thought it might seem that a 1 to 1 ratio 
transformer would not reduce the voltage applied 
to the speaker. However, we can readily see that 
if the speaker armature were connected directly in 
the plate circuit in place of the coupling trans- 
former primary, it would have the full 450 volt 
potential applied to its end attached to the positive 
B supplv lead. 

With the speaker connected to the secondary of 
the output transformer it will only receive that 
voltage which is induced in the secondary winding. 
The voltage induced in the secondary of a trans- 
former depends upon the amount of voltage drop 
across its primary and the rate at which the pri- 
mary voltage and current change. 


Only part of the plate voltage drop occurs across 
the primary of the output transformer, and the rest 
occurs in the plate circuit resistance inside the tube. 
Furthermore, as the plate current is pulsating D. C. 
and never falls clear to zero as long as the tube is 
operating, we do not have 100% change of maxi- 
mum plate current during any pulsation or cycle. 
Therefore, the voltage induced in the secondary 
and applied to the speaker coil is considerably less, 
than half of the full plate voltage. 

Most loud speakers are so designed that they 
will operate best when used with transformers of 
a certain impedance, so the impedance of the output 
transformer should be matched to the design of 
speaker used. Many loud speakers are built with 
their coupling transformers attached directly to the 
speaker base and furnished as a part of the speaker. 


Another method of coupling loud speakers to the 
output of amplifiers is the choke or impedance 
method illustrated on the right in Fig. 85. 

Here a large condenser of 4 to 8 M. F. capacity 
is connected in series with one lead to the speaker, 
and the speaker leads then connected across a choke 
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coil which is in series with the plate circuit of the 
last tube. 

The amount of voltage and’current supplied to 
the speaker depends upon the voltage drop across 
the choke coil and the charging current drawn by 
the condenser. As the condenser charging current 
depends upon the voltage drop across the choke 
coil, and this voltage drop in turn depends on the 
variations of plate current through the choke, the 
speaker armature and diaphragm will vibrate in 
proportion to the plate current pulsations and re- 
produce the sound accordingly. 

Another very important reason for using some 
form of coupling between the plate circuits of the 
tubes and certain types of speakers, is to get suf- 
ficient impedance in the plate circuits. The im- 
pedance of the operating coils in many loud speak- 
ers is not enough to make efficient use of the plate 
circuit energy, but the impedance of the primary of 
an iron core coupling transformer, or the coil of a 
coupling impedance can be made high enough to 
match the impedance of the plate circuit. 


67. RESISTANCE COUPLED AMPLIFIERS 

The amplifiers we have so far explained have 
been of the transformer coupled type. Another 
form of coupling used in some amplifiers is known 
as resistance coupling. Resistance coupled ampli- 
fiers are often used for short wave receivers and 
in television equipment, and sometimes in audio 
frequency stages of ordinary receivers where abso- 
lute freedom from all distortion is desired. 

One advantage of resistance coupled amplifica- 
tion is that there are no inductance coils nor iron 
cores in its circuits to set up magnetic induction 
or eddy currents, which might cause slight distor- 
tion and which would offer extremely high im- 
pedance to the very high frequencies of short wave 
signals. 

Fig. 86 shows a diagram of a detector and three 
stage resistance coulped amplifier. The R. F. stages 
are not shown in this diagram. Resistance coupled 
amplification is not often used in R. F. stages. 

The principle of operation of this method of 
coupling is as follows. When signal energy is ap- 
plied to the grid of the detector tube in Fig. 86, 
it causes pulsations or variations in the plate cur- 
rent in the usual manner. 

Instead of a transformer primary in this plate 
circuit we now have a fixed resistance R1, of about 
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Fig. 86. Circuit diagram of a detector and three-stage resistance coupled 
amplifier. Carefully study the principles of this circuit with the 
accompanying explanations. 


100,000 ohms. You have already learned that the 
voltage drop through any resistor is proportional 
to the resistance in ohms and to the current in 
amperes. The resistarice in this case remains con- 
stant but as the plate current varies through resistor 
R1 the voltage drop across it varies proportionately. 

This varying voltage drop across resistor Rl 
causes corresponding variations in the positive volt- 
age applied to the condenser C1, which is connected 
between the plate of the detector tube and the grid 
of the first A. F. amplifier tube. The varying posi- 
tive potential applied to the plate of this condenser, 
which connects to resistor R1 and the plate of the 
detector, causes a varying negative potential to be 
induced on its opposite plate which connects to 
the grid of the first A. F. amplifier tube. 

You will recall from material in an earlier section 
of this reference set that when one plate of a con- 
denser has voltage of a certain polarity applied to 
it, the other plate always takes on an electro-sta- 
tically induced charge of opposite polarity. 

The varying negative potential thus induced on 
the right hand plate of this condenser Cl is applied 
to the grid of the first A. F. amplifier tube. This 
causes pulsations of increased strength in the plate 
circuit of that tube and through resistor R3, which 
in turn changes the voltage applied to condenser C2 
and the grid of the next amplifier tube, etc. 


The condensers are necessary between the plates 
and grids of successive tubes to prevent the posi- 
tive “B” potential from being applied to the grids. 

The resistors R2, R4, and R6 are merely grid 
leak resistors to drain away excessive negative 
charges which would otherwise be stored up on 
the grids by the blocking affects of the condensers 
which are in the normal grid return leads. In trans- 
former coupled sets this negative charge can leak 
off through the secondaries of the transformers and 
back to the filaments. 

The coupling resistors R1, R3, and R5 are all of 
the same size and usually of about 100,000 ohms 
regardless of the number of stages. The leak re- 
sistors vary in size, however, getting lower as the 
stages progress and the signal strength and grid 
voltages increase. For three stages of resistance 
coupled amplification these leaks are generally of 
1 megohm for R2 or the first See 1% megohm for 
R4 or the second stage, and 14 megohm for R6 or 
the third stage. 

The size or capacity of the coupling condenser 
is not very critical, ranging from .01 to 1.0 mfd., a 
very commonly used size being the .1 mfd. con- 
denser. 

Fig. 87 shows several types of condensers such as 
are commonly used for coupling purposes and also 
for by-pass and other uses in radio sets. Some of 
these condensers are made with flat sheets of tin 
foil and mica pressed together and moulded in bake- 
lite or hard insulating compound, after the alternate 
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Fig. 87. Above are shown several types of fixed condensers used for 
coupling radio circuits and for bypassing certain frequencies around 
some of the inductive or high resistance devices in the circuits. 
(Photo courtesy of Aerovox Wireless Corp.) 


foil strips are equipped with projecting terminals 
or connector lugs which project out through the 
insulation. Others of these condensers are made 
with waxed or oiled paper insulation between the 
foil, and are either of flat pressed or rolled con- 
struction, and then the entire element enclosed in 
a moisture proof metal case which is filled with 
oil or wax. 


Fig. 88 shows several types of resistors which 
are used for coupling resistors in the plate circuits 
of resistance coupled amplifiers, for grid leaks, and 
other purposes in radio receivers and amplifiers. 
Note that most of these resistors are made in a 
sort of cartridge unit or tubular form for convenient 
mounting in spring clips in the set. This enables 
them to be easily and quickly changed or replaced 
with resistors of different values when necessary. 
At the lower left in Fig. 88 is shown a base and 
the spring clips for mounting a single resistor unit, 
and at the lower right in this same figure two re- 
sistor units are shown in the clips of a double unit 
mounting. 


In some cases condensers are equipped with these 
spring clips attached to them so the resistors and 
condensers can be mounted and connected as a unit, 
thus saving space and wire. 

On account of the voltage drop in the plate cir- 
cuit resistors it is necessary to use somewhat higher 
B battery voltages to get the proper voltage ap- 
plied to the plates. Resistance coupled amplifiers 
generally require about 135 to 150 volts plate supply 
instead of 67 to 90 as in ordinary transformer 
coupled amplifiers. One of the disadvantages of 
resistance coupled amplifiers is their inefficiency due 
to the losses occurring in the plate circuit resistor. 


Where several stages of resistance coupling are 
used for audio frequency amplification, as in Fig. 
86, the voltage applied to the plate of the last tube 
is generally somewhat lower than that used on the 
other stages, as the last stage has no resistoz in its 
plate circuit to cause any voltage drop, and the 
coils of the loudspeaker have only a small amount 
of resistance as compared with the regular plate 
circuit resistors. 

Some radio sets use just one or two stages of 
resistance coupled amplification with one or more 
stages of transformer coupled amplification. In 
some cases where little or no R. F. amplification is 
used the first stage of A. F. amplification is trans- 
former coupled, because the plate current of the 
detector tube is likely to be so small on weak signals 
that it would not cause sufficient voltage drop in a 
coupling resistor if such were used in the first stage. 


68. IMPEDANCE COUPLING 

Some amplifiers use impedance coupling which is 
very similar to resistance coupling except that an 
impedance or choke coil is used instead of a re- 
sistor in the plate circuit of each tube. 

If the resistors R1, R3, and R5, in Fig. 86 were 
replaced by iron core choke coils, we would then 
have a circuit for a detector and three stage im- 
pedance coupled amplifier. The diagram of im- 
pedance coupling for loudspeakers which was 
shown on the right in Fig. 85, shows an iron core 
choke coil or impedance of the tvpe used in im- 
pedance coupled amplifiers. These coils are also 
often called plate reactors. 

The coupling condensers and grid leaks in im- 
pedance coupled amplifiers are the same as with 
resistance coupled amplifiers. The operating prin- 
ciples of the two types of amplifiers are fundament- 
ally the same. With an impedance or plate reactor 
of the proper value in the plate circuit of an am- 
plifer tube, the plate current will flow through it 
quite freely but the varying flux due to plate cur- 





Fig. 88. Photos of several styles of fixed resistor units and mountings, 
for use in resistance coupled amplifiers, and for grid leaks, and other 
purposes in radio receivers. (Photo courtesy of Aerovox Wireless 
Corp.) 
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Fig. 89. Circuit diagram of a five tube neutrodyne receiver. 


tubes for balancing out the effect of the tube capacity. Also note the tapped secondaries of the special R. F. 
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Note the two neutralizing condensers N. C. connected across the R. F. amplifier 


transformers or ‘‘neutro- 


formers”, to which one lead from each neutralizing condenser connects. 
g 


rent pulsations will induce counter E. M. F. in the 
coil. The voltage drop due to this impedance or 
counter E. M. F. varies the voltage applied to the 
coupling condenser and to the grid of the following 
tube, etc. 


In order to develop sufficient voltage drop with 
the low frequency currents or pulsations in audio 
frequency stages, the plate reactors or impedance 
coils must be of the iron core type. In radio fre- 
quency stages, however, air core impedance coils 
can be used and will develop sufficient counter 
E. M. F. and voltage drop due to the high fre- 
quency energy passed through them. 


The inductance of the choke coils used in the 
plate circuits of impedance coupled amplifiers varies 
from 100 to 300 henries, and their impedance from 
20,000 to 60,000 ohms, according to the types of 
tubes used and their location in the amplifier. The 
impedance of these coils is generally quite high 
with respect to that of the plate circuit of the tube, 
often from 3 to 5 times as high in ohms as the A. C. 
resistance or impedance of the plate circuit in which 
the coil is connected. 


69, NEUTRODYNE CIRCUITS AND 
NEUTRALIZING 


In earlier paragraphs we mentioned the necessity 
of neutralizing or balancing out the capacity be- 
tween tube electrodes and leads to prevent oscilla- 
tion and feed back in R. F. stages. There are sev- 
eral different methods of accomplishing this but 
they all work on about the same general principle 
of supplying a small capacity or condenser outside 
the tube to balance that within the tube itself, and 
also that of its terminals and wiring. 


One of the methods which has been very com- 
monly used in earlier makes of battery operated 
sets, is shown in the R. F. stages of the circuit in 
Fig. 89. This circuit is commonly known as the 





Neutrodyne circuit and was very popular a few 
years back. 

Screen grid tubes have now made neutralizing of 
this type unnecessary in modern receivers, but 
there are thousands of neutrodyne sets still in use, 
and it will be well for any radio service man to 
have an understanding of their principles and ad- 
justment. 

In Fig. 89 you will note the two small neutraliz- 
ing condensers connected from the grid to the out- 
put transformer secondary of each R. F. stage. 
These condensers and the specially tapped second- 
aries of the R. F. transformers to which they attach 
are about the only differences between this neutro- 
dyne circuit and an ordinary five tube set with two 
R. F. stages, detector, and two stages of audio fre- 
quency amplification. 

The principle of this neutrodyne circuit or of 
neutralizing undesirable tube capacity in any R. F. 
amplifier is as follows: First we know that the feed- 
back and oscillation troubles which often occur in 
R. F. stages without screen grid tubes, are caused 
by energy feeding back through capacity from the 
plate to the grid. This changes the grid potential, 
and causes another surge of plate current which 
again imparts a potential change to the grid by 
capacity, and thus sets up oscillation or a continu- 
ous repetition of this action. 

Now if we connect a small external condenser of 
just the right size, from the plate circuit back to 
the grid of the same tube, and in such a manner 
that it will always supply voltage of opposite polar- 
ity to that applied to the grid by plate capacity 
within the tube, the two voltages should balance 
or neutralize and destroy each other. That is just 
what happens with the connections shown in Fig. 
89 if the condensers NC and NCI are of the proper 
size. 

One plate of the neutralizing condenser N C 
connects to the grid of the tube, and the other plate 
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connects to a point on the secondary of the output 
transformer where it obtains a small voltage of 
opposite polarity to that supplied to the plate 
through the primary. Therefore, the charge im- 
parted to the grid through condenser NC is just 
opposite to that supplied by capacity from the plate, 
and the two neutralize and cancel each ether thus 
preventing any change of grid potential from either 
source and thereby eliminating objectionable oscil- 
lation. 


Of course the capacity of NC and NCI must be 
just right to balance that between the respective 
tube elements, and as the capacity of different tubes 
usually varies a little, these neutralizing condensers 
are adjustable so they can be set at the proper 
values to match the tubes they are used with. Their 
capacity is only very small and generally ranges 
from one to thirty m.m.f. (micro-microfarads). 


These little condensers are of various construction, 
some being merely two pieces of stiff wire pushed 
into a fibre or glass insulating tube until their ends 
nearly meet, and with a metal sleeve placed over 
the outside of the insulating sleeve. In this type 
the capacity effect between the wires and the outer 
metal sleeve creates two small condensers in series. 
Such neutralizing condensers can be adjusted by 
sliding the sleeve back and forth on the wire ends, 
but of course never allowing the wire ends to touch 
each other. 


Some neutralizing condensers consist of two small 
flat strips of metal separated by insulation, and have 
a screw adjustment for moving one of these plates 
closer to or farther from the other. For adjusting 
this type a screw driver made of bakelite or some 
such insulating material should be used, in order to 
avoid the effect of body capacity which would be 
conveyed through the metal of an ordinary screw 
driver to the condenser. 


Some neutralizing condensers are of the single 
plate rotary or variable type, made in a very small 
size known as midget condensers. 


70. NEUTRALIZING PROCEDURE 


To adjust the neutralizing condensers in a re- 
ceiver, proceed as follows: First tune the receiver 
to some local or nearby station and adjust the tun- 
ing dials and rheostats to the point of greatest un- 
distorted volume. 

Then remove the first R.F. amplifier tube and 
wrap a piece of thin but tough waxed tissue paper 
around its flament prongs, so the filament will not 
light when the tube is replaced. (The filament 
prongs are always the two large ones). 

With the tube back in place in its socket but 
with its filament not heated, again adjust the re- 
ceiver to the point of greatest volume, and the sig- 
nal now heard will be coming through this tube by 
capacity coupling. 

Next adjust the neutralizing condenser of this 





tube until the signal disappears or is brought to 
the lowest volume possible by this adjustment. 

Then remove the paper from the tube prongs 
and put this tube back in service and proceed in 
the same manner on each of the remaining R.F. 
tubes. 

In some cases it is not possible to make the sig- 
nals completely disappear when neutralizing a tube, 
because of inductive and capacity coupling between 
wiring and parts of the set. 

It is more desirable when possible to use a modu- 
lated oscillator to excite a receiver during neutra- 
lizing adjustments, instead of tuning it to some 
station. A modulated oscillator is simply a portable 
oscillator set which is constructed to give off a 
continuous wave which is modulated at an audible 
frequency. When such an oscillator is placed near 
the antenna of the receiver to be neutralized, the 
receiver will deliver a note of constant value which 
is much better than ordinary music when making 
adjustments on the set. 

Instead of wrapping the tube filament prongs 
with paper, a tube of the same type with one fila- 
ment prong cut off close to the base is often used to 
replace the other tubes one at a time while neutra- 
lizing each stage. 

The potentiometer P in Fig. 89 is connected 
across the filament supply leads and used to obtain 
the proper negative bias for the R.F. tubes, by con- 
necting their return leads to the sliding arm of this 
resistance. A “C” battery is used to get the nega- 
tive bias for the first audio tube and the power tube 
in the last stage. 

The detector tube in this circuit has a filament 
rheostat but the filament circuits of all the amplifier 
tubes are equipped with fixed resistor units called 
ballast resistors or Amperites, which are of the 
proper resistance for each tube. 


71. SUPERHETERODYNE RECEIVERS 


We have previously mentioned that it is generally 
not practical to use more than two or three stages 
of either radio frequency or audio frequency ampli- 
fication in an ordinary radio receiver, on account of 
the losses and oscillation in R.F. stages and the 
distortion in A.F. stages. 

A very popular type of receiver which makes pos- 
sible several more stages of amplification is known 
as the Superheterodyne. 

Superheterodyne receivers use an oscillator tube 
and circuit to set up a continuous wave of their 
own, which heterodyne or mixes with the incoming 
signal to produce a beat note of the proper 
intermediate frequency for efficient amplification 
through as many as five or more intermediate 
stages. 

Then the amplified energy is passed through a 
detector tube and two or more stages of audio fre- 
quency amplification. 

The purpose of using the intermediate frequency 
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energy in a superheterodyne receiver is to be able 
to handle a lower frequency than the ordinary R.F. 
carrier waves, and one which therefore does not 
have so much of the high frequency capacity effects 
and losses; and yet a frequency higher than audio 
frequency and which does not need to be handled 
through transformers with large iron cores that 
cause distortion. 

It is possible to design intermediate frequency 
transformers which will amplify very efficiently 
only certain frequencies within a very narrow band. 
These transformers are tuned so sharply by use of 
just the right number of turns and by connecting 
small fixed condensers across them, that they will 
not pass any other frequencies through. 


Intermediate transformers can be designed for 
frequencies from about 20,000 to 120,000 cycles, but 
the intermediate transformers for any certain re- 
ceiver are often designed to handle or pass only 
waves within a band of 10 kilocycles (10,000 cycles), 
somewhere within the above mentioned range. 


Superheterodyne receivers can therefore be made 
with extreme selectivity or sharpness of tuning, 
which is another of their advantages. 


The intermediate frequencies used in most mod- 
ern superheterodyne receivers are around 175 to 180 
kilocycles, or a wave length of about 1666 to 1715. 
The Atwater Kent receivers use a 130 K. C. inter- 
mediate frequency and some older sets use 100 K. C. 


Some intermediate transformers are of the air 
core type, while some have small iron cores. Some 
superheterodyne sets have some of each type in 
their intermediate stages. 


Fig. 90 shows a simple seven tube superhetero- 
dyne circuit. The tubes in the circuit are numbered, 
number one being the oscillator which sets up the 
wave to mix with the signal wave. Number two ts 
the mixer, “frequency changer’, or first detector as 
it is more commonly called, and is where the two 
frequencies are mixed into the intermediate fre- 
quency. Three and four are J.F. or intermediate 








frequency amplifiers. Five is the second detector 
or actual detector performing the rectification and 
change from I.F. to A.F. Tubes six and seven are 
ordinary A.F. amplifiers. 


The intermediate frequency transformers are 
shown with just one line between their coils. 

The circuit of the first detector is provided with 
a variable condenser to enable it to be tuned to the 
desired station or signal wave length. The oscil- 
lator circuit also has a tuning condenser so it can 
be adjusted to produce any desired frequency. 

As the intermediate transformers are designed 
to handle only one certain frequency and their tun- 
ing is never changed, we must be able to adjust the 
oscillator to produce a different frequency for each 
different signal frequency or wave length received, 
in order to maintain the same intermediate fre- 
quency at all tunes. 


In operating a superheterodyne receiver the first 
detector circuit is tuned to the wave length of the 
desired station, and the oscillator is then tuned to 
produce a frequency that will mix with the incom- 
ing signal to produce a beat note of the proper in- 
termediate frequency. The energy from the oscil- 
lator circuit is transferred to the first detector cir- 
cuit by induction between coil 2 in the oscillator 
plate circuit and coil 3 in the detector grid circuit. 
As previously mentioned the beat note or inter- 
mediate frequency will always be equal to the differ- 
ence between that of the incoming signal and that 
produced by the oscillator. 

For example if the frequency of the incoming sig- 
nal is 1,000,000 cycles, and the oscillator produces 
a frequency of 950,000 cycles the beat note or inter- 
mediate frequency will be 50,000 cycles. 

When the signal energy and that from the oscil- 
lator are mixed together in the first detector circuit 
the beat note produced has the audio frequency sig- 
nal variation from the antenna coil impressed on it, 
and this is carried through the intermediate stages, 
greatly amplified, and then separated at the second 
detector and further amplified by the A.F. stages. 
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Fig. 90. Circuit diagram of a seven tube superheterodyne receiver. 
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Note the oscillator tube coupled to the first detector and also note that 


both a first and second detector are used. The stages marked “I. F.amp.” are intermediate frequency amplifier stages. Study the principles 
of this type of receiver very carefully as there are many thousands of receivers of both old and new types which use this principle. 
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Fig. 91. Diagram of a five tube battery operated receiver using screen grid tubes in the two R. F. amplifier stages. Note the connection of the 


Screen grids to a positive terminal on the B battery, and note that otherwise this circuit is the same as any ordinary D. C, receiver with 


two R. F. stages, detector, and two A. F. stages. 


Some times one or two stages of radio frequency 
amplification are used ahead of the first detector 
and oscillator in superheterodyne receivers. 

Different types of oscillators with various ar- 
rangements of their coupling coils or condensers 
and tuning condensers, are used with superhetero- 
dynes. In some cases no separate oscillator is used, 
but a feed back regenerative circuit is used on the 
first detector, so that this tube serves both as an 
oscillator and mixer. This arrangement is called an 
Autodyne circuit. Another circuit called the Ultra- 
dyne uses a modulator tube to amplify the incoming 
signal and then mix it with the energy from the 
oscillator by direct conductive coupling at the 
primary of the first intermediate transformer. 

In Fig. 90 a fixed condenser C is connected across 
the primary of the first intermediate frequency 
transtormer to bypass the radio frequency com- 
ponent of the energy in the plate circuit of the first 
detector. In some “supers” the primaries of the 
other I.F. transformers also have small fixed con- 
densers connected across them to act as filters and 
bypass all undesired frequencies. 

Superheterodyne receivers are extremely sensi- 
tive and capable of receiving very weak signals 
from distant stations. Many “supers” are operated 
with loop aerials only, and no outdoor aerials or 
ground connections. 
` The extreme sensitivity and selectivity of these 
receivers makes them a very popular type. 

In constructing a superheterodyne set the tubes 
are not always placed or lined up in the order shown 
in Fig. 90, but are arranged for the best efficiency 
of operation and for convenience in connecting or 
wiring the receiver. 

72. SCREEN GRID RECEIVERS 

Screen grid receivers are simply ordinary re- 
ceivers using screen grid tubes in some of the 
stages. 

Screen grid tubes are generally used in the R.F. 
stages of the receiver as shown in Fig. 91. You will 


note that this circuit is the same as that of any 
ordinary five tube set with two stages of R.F. am- 
plication, detector, and two stages of A.F. ampli- 
fication; except for the leads running from the 
screen grids of the first two tubes to a positive tap 
on the “B” battery. 

We have already learned in our study of vacuum 
tubes that screen grid tubes have very small internal 
capacity and therefore prevent objectionable oscil- 
lation and feed back in R.F. stages, without the 
aid of neutralizing. These tubes also have very 
high amplification factors, and it is possible to ob- 
tain as much amplification with two stages of screen 
srid R.F. amplification as with four or five stages 
using ordinary three element tubes. 

Vor this reason screen grid tubes are used wery 
extensively in R.F. stages of modern receivers, and 
also occasionally as detectors and A.F. amplifiers. 


73. A.C. RECEIVERS 

All of the circuit diagrams shown so far have 
used batteries for the current or power supply, in 
order to make the complete circuits easier to trace 
and understand. 

All early types of radio receivers used batteries 
almost exclusively for their power, as their tubes 
were all designed for D.C. operation. Direct cur- 
rent of constant voltage is required for the plate 
circuits of vacuum tubes for reproducing voice and 
music without foreign hums or sounds. Because it 
enables the filament to emit electrons in a smooth 
even stream, D. C. is also advantageous for heating 
the filaments of tubes in which the filament serves 
as the cathode. 

Batteries supply smooth constant value D. C. as 
long as their voltage or state of charge is up to 
normal, and were thus considered very convenient 
for radio use. 

Wet storage batteries of the 6-volt automobile 
type are used for filament supply. except on small 
sets with tubes having filaments for dry cell opera- 
tion, Dry B batteries consisting of a number of 
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small cells connected in series are used for plate 
supply. 

Some of the disadvantages of batteries, however, 
are their cost and weight, the fact that they dis- 
charge or run down and need to be replaced or 
recharged frequently, and in some cases cause cor- 
rosion and mess from acid fumes, etc. 

Nevertheless, there are many thousands of re- 
ceivers that are still battery operated, in use in 
farm and rural homes not supplied with electricity. 
Automobile radios and those used for airplanes are 
also battery operated. 

Most modern sets made for use in towns and 
homes supplied with electricity are made for oper- 
ation with current direct from the light socket or 
convenience outlet. As most of this current supplied 
in homes for lighting is A.C., most of these receivers 
are designed for A.C. operation and are commonly 
called A.C. receivers. Some “all electric” sets are 
made for operation on D.C. however, where homes 
are supplied with 110 or 220-volt D.C. for lighting. 

The general operation of A. C. sets is the same 
as that of battery sets, and the circuits and parts 
are almost the same, except that A.C. filament type 
or heater element tubes are used in A.C. sets, and 
a “power pack” or power supply unit is used in 
place of the batteries. 

All receiver tubes require D.C. for their plate cir- 
cuits, even though the filaments of modern A.C. 
tubes can be operated on alternating current. 

The power pack or unit of an A.C. receiver there- 
fore must operate on the 110-volt A.C. supplied by 
the ordinary socket or outlet in the home, and it 
must supply the proper voltages and currents for 
the various circuits in the receiver. 

The section of the power unit which supplies the 
low voltage A.C. filament current consists merely 
of a step down transformer. The section which 
supplies the high voltage D.C. current for the plates 
of the tubes, consists of a step up transformer, rec- 
tifier, and filter. The power unit will be described 
more in detail a little later. 

74. SIMPLE FIVE TUBE A.C. CIRCUIT 
Fig. 92 shows a circuit diagram of a five tube 
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A.C. receiver without the power unit. The tubes 
used in this circuit are all A.C. type 327 tubes 
which are used both for detector and amplifier 
duty. These tubes are of the heater element type 
with five prong bases. 

This circuit is a very simple one with which it is 
easy to compare the circuits of an A.C. receiver 
with the battery operated types already shown. 

In battery sets rheastats are used in the filament 
circuits of the tubes, to keep the filament voltage 
properly adjusted as the battery voltage changes 
slightly during discharge. 

Such filament rheostats are not necessary in A.C. 
receivers as the line voltage supplied to the fila- 
ment supply transformers usually remains about 
constant, so the transformer secondary delivers 
steady voltage of the proper value to the filaments 
at all times. In case the primary voltage does at 
times fluctuate with the load on the line the trans- 
former voltage can be kept right by a compensating 
device in its primary circuit. Note that the fila- 
ments of all tubes in Fig. 92 are simply connected 
in parallel to the 2%-volt A.C. filament supply 
leads. 

In circuits using heater element type tubes as 
shown in Fig. 92, the grid returns are connected to 
the cathode terminals as shown. This cathode in- 
stead of the filament is the electron emitting ele- 
ment in these tubes. 

The plate circuits are also completed through the 
cathodes. Note that all plate leads connect to the 
positive .terminals of the “B”? power supply. The 
plates of the amplifiers connecting to the 90-volt 
terminal, and the plate of the detector to the 45-volt 
terminal. The current flow can be traced from the 
positive terminal of the power unit, through any 
plate, through the electron stream to the cathode 
and then back to the negative (B-) terminal of the 
plate power supply, which is connected to all 
cathodes. 

The variable condensers used for tuning the R.F. 
stages in Fig. 92, are shown connected together by 
a dotted line, which indicates that their rotors are 
all located on one shaft or operated from one dial. 
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Fig. 92. Circuit diagram of a five tube A. C. receiver using A. C. heater-element tubes. The *“27” tubes used in this circuit will serve either 
as amplifiers or detectors. Note the connections of the cathodes of the heater-element tubes to the B— terminal. 
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Fig. 93. Circuit diagram of a very popular six tube A. C. receiver, with screen grid R. F. amplifier tubes, and two power tubes used in 
push-pull in the last A. F. amplifier stage. A. C. heater element tubes are used for the R. F. amplifiers, detector, and first A. F. amplifier. 
The power tubes in the push-pull stage are “filament type” tubes with the filaments serving as the cathodes, but the filaments of these 
**45” tubes operate on the same voltage as the heater elements of the other tubes do. Note the high C voltage used for negative grid 
bias on the power tubes, and note also the various terminals where the leads of this receiver connect to the power supply unit. 


This is called single dial tuning control and is the 
way inost modern receivers are equipped. 


75. A.C. CIRCUIT WITH SCREEN GRID R.F. 
AMPLIFIERS AND PUSH-PULL POWER 
STAGE 


Fig. 93 shows a very practical circuit for a 6 tube 
A.C. receiver using screen grid tubes in the R.F. 
stages and two power tubes in push-pull in the last 
A.F. stage. 

With the high amplification factors of the 
screen grid tubes, and the large undistorted power 
capacity of the “345” power tubes in push-pull, a 
receiver of this type will give good selectivity, sen- 
sitivitv, and plenty of volume of good quality sound 
to meet most any requirements for a home set. 

The R.F. amplifier tubes, detector, and first audio 
amplifier are all A.C. heater element type tubes, 
and the power tubes in the last audio stage are 
A.C. “filament type’. All of these tubes, however, 
use the same filament or heater element voltage 
which simplifies the wiring and power supply con- 
siderably. 

The screen grids of the “24” tubes in the R.F. 
stages, connect to a 75-volt positive terminal of the 
plate power supply unit. A small bypass condenser 
C is usually connected between this screen grid 
lead and the negative B lead which connects to all 
cathodes of the heater element tubes. 

Three volts negative bias is used on the control 
grids of the “24” tubes, 9 volts bias on the grids 
of the “27” tubes, and 45 volts bias on the grids of 
the “45” power tubes. 

A variable high resistance is shown connected 
across the primary of the first R.F. transformer or 
aerial coupler, to be used as a.volume control. As 
this resistor shunts more or less of the received 
signal energy around the primary of this trans- 
former and thereby controls the amount of energy 





applied to the grid of the first R.F. tube, this of 
course controls the volume throughout the rest of 
the set and at the speaker. This circuit shown in 
Fig. 93 is very similar to those used in some of the 
most popular types of modern A.C. receivers. 

The power supply unit is not shown, and in trac- 
ing the various circuits just start at a positive sup- 
ply terminal and trace through to negative, ete. 


76. A.C. CIRCUIT WITH FILAMENT TYPE 
AMPLIFIER TUBES 


Pig. 94 shows a circuit diagram of a complete 5 
tube A.C. receiver. Two of the “26” type tubes are 
used as R.F. amplifiers, and one “26” tube and one 
“71” power tube for A.F. amplifiers. These four 
tubes are all of the A.C. filament type. The de- 
tector is a “27” heater element type A.C. tube. The 
380 tube shown in the power unit at the lower part 
of the diagram is a full wave rectifier tube. The 
negative bias voltage for the amplifier tubes of this 
circuit is obtained from the voltage drop in a 
resistor placed in series with the negative return 
of the plate current supply. The grid returns of 
the R.F. amplifier tubes and the first A.F. amplifier 
are all connected together to the C- 9-volt tap on 
the bias resistor. The grid return of the power tube 
in the last audio stage is connected to the C- 40-volt 
point on this resistor. The voltage drop in this bias 
resistor sets up a difference in potential between 
the grids of the tubes and the center taps of the 
resistors R and R1, from which the negative return 
is taken to the B- and C++ connection of the power 
supply, and through which the plate current returns. 

The plate current of the A.C. filament type tubes 
flows from the positive terminal of the plate supply 
through the transformer primaries to the plates, 
through the electron streams in the tubes, down 
whichever side of the filaments the A.C. filament 
current happens to be flowing at that instant, and 
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then through one half of the resistor to the center 
tap, and from there back to B—. 

You will note that the plate of the detector tube 
is supplied with 45 volts, those of the two R.F. 
amplifiers and the first audio amplifier with 90 volts, 
and that of the “71” power tube with 180 volts. 

These different voltages are obtained from vari- 
ous points along a resistor shown near the right 
side of the diagram in Fig. 94, and this resistor and 
the plate circuit terminals are fed with rectified 
D.C. which comes through the filter chokes from the 
rectifier tube. 

The high voltage secondary S H of the power 
transformer supplies A.C. to the rectifier tube, 
which converts it to pulsating D.C. Practically all 
of the ripple or pulsation of this D.C. voltage is 
then smoothed out by the filter system consisting 
of the filter chokes and the condensers Cl, C2, and 
C3. The lower 5 volt winding on the transformer 
secondary supplies A.C. to the filaments of the recti- 
fier tube, and the upper 5 volt windiny supplies the 
flament of the power tube. The 2'%-volt sec- 
ondary supplies A.C. to the heater element of the 
detector tube, and the 114-volt winding supplies A.C. 
flament current to the R.F. amplifier tubes and first 
audio amplifier tube. 


77. POWER UNITS FOR A.C. RECEIVERS 
The power supply unit or power pack in an A. C. 
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receiver is usually mounted with the rest of the parts 
of the receiver on one main frame or chassis. The 
power unit is often mistaken for part of the amplify- 
ing equipment. 

Fig. 95 shows a photo of a modern A. C. receiver 
without its cabinet. The R. F. transformers and tuning 
condensers are in the long metal box or shield in the 
right foreground and the tubes and A. F. transformers 
can be seen at the rear. The power unit is located at 
the left of the receiver units. The power transformer 
and filter chokes are in the square metal box, and the 
rectifier tube and filter: condensers are at the rear of 
this box. 

By examining Fig. 82 once more you will note a 
power unit of different arrangement. Here the power 
transformer is the left one of the three large units 
at the rear of the set, the filter condenser consisting of 
several separate units 1s next in the light colored 
box, and the filter chokes are on the right. 

Fig. 96 shows a circuit diagram of a complete power 
supply unit a little different from the one shown in 
Fig. 94, 

The primary of the power transformer is connected 
to the 110-volt supply by means of the plug and cord 
shown on the left. The lower secondary coil supplies 
low voltage (7 volt) A. C. to heat the filaments of the 
two half-wave rectifier tubes. This winding also has a 
center tap to be used as the positive lead for the plate 


supply. 


Fig. 94. Complete circuit diagram of a simple five tube A. C. receiver and its “power pack” or power supply unit. This receiver uses only one 
heater element tube for the detector, and the amplifiers are all A. C. ‘filament type’’ tubes. Note the manner in which the grid return 
leads of the amplifier tubes are made through the C— terminal, through the biasing resistor to C++, and then to center taps on the resistors 
connected across the filament supply leads. Trace the circuits of the power unit carefully to get a good understanding of this device while 


reading the explanations in the accompanying paragraphs. 
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Fig. 95. This excellent photograph shows the construction of an eight tube A. C. receiver and its power unit. Note the thorough shielding of 
the R. F. transformers and tuning condensers by the large shield, and that of the power transformer and chokes in the smaller shield on 
the left. The three screen grid tubes are also shielded by individual shield “cans”. The R. F. transformers and condensers are also shielded 
from each other by separate partitions inside the large metal box. (Photo courtesy of Zenith Radio Corp.) 


The top secondary coil furnishes 2% volt A. C. for 
the filaments and heater elements of the tubes in the 
receiver. The main center section of the secondary 
supplies high voltage A. C. to the plates of the rectifier 
tubes. 


The entire power unit consists of four sections, 
marked A, B, C, and D in Fig. 96. Section A is the 
power transformer which supplies the various A. C. 
voltages required. It steps the voltage down from the 
110 volts on the primary, to the coils of few turns on 
its secondary for the filament supply. And it also steps 
up the voltage on its high voltage secondary which 
supplies current to the rectifier tubes. 


This high voltage secondary winding is designed ac- 
cording to the types of tubes used in the receiver, and 
the plate voltages required by them. When this wind- 
ing feeds a full wave rectifier as in Fig. 96, only half 
of the winding is in use at any one time, each half 
feeding its respective tube during every other alterna- 
tion. Therefore, each half of this winding must de- 
velop the full voltage required by the rectifier tubes 
and the highest voltage required by the plates of the 
power amplifier tubes in the receiver. Note that this 


secondary has a center tap for the negative B return 
lead. 


Section B of this power unit consists of the two 
half wave rectifier tubes connected for full wave recti- 
fication. Their plates are connected to opposite ends 
of the high voltage transformer winding, and when 
alternating voltage is induced in this winding first one 
rectifier plate becomes positive and then the other 
does. 


When either of these plates is positive it attracts 


negative electrons from the filament, thus completing 
the circuit and allowing current to flow from its plate 
to the filament, but never in the opposite direction. 


During the alternation when the upper end of the 
transformer secondary is positive, current will flow as 
shown by the solid arrows, out from this positive lead 
through the upper rectifier tube, on from the filament 
of the tube through one half of the lower transformer 
coil, out through the chokes and filter system to B+, 
then to the tube plates, through the tubes and back to 
B— which returns to the center of the transformer 
secondary. 


During the next alternation current will flow from 
the lower end of the winding as shown by the dotted 
arrows, through the lower rectifier tube, and out along 
its filament lead through one half of the lower second- 


ary coil, and cut on B+ in the same direction as the 
other alternation. 


So we find that the rectifier tubes change the A. C. 
from the transformer into pulsating D. C. for the 
plate supply, the center tap on the low voltage winding 
being the positive lead from the rectifiers, and the 


center tap on the high voltage winding being the nega- 
tive return. 


The rectified D. C. is pulsating as shown by the 
curve at A in Fig, 97, and varies too much to be suit- 
able for use on the plates of the receiver tubes. 


78. FILTER 


The filter unit in Section C, consisting of two chokes 
in sertes and 3 condensers in parallel with the plate 
supply, smooths out this pulsating current about as 
shown by the curve at B in Fig. 97. This is accom- 
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Fig. 96. Wiring diagram of a power supply unit showing the trans- 
former, rectifier, filter, and voltage divider sections. Observe this 
diagram carefully and make sure you thoroughly understand the 
function and operation of each part. 


plished by the combined action of the choke coils and 
condensers. 


The choke coils which have a very high inductance 
of about 30 henries, consist of several thousand turns 
of fine wire wound on iron cores, and are connected 
in series with the positive lead from the rectifier. 


As the voltage of the rectifier current starts to rise 
during any pulsation, it builds up current in the choke 
coils and sets up a flux around them which generates 
in their turns a counter E. M. F. which opposes or 
limits the building up of this current. During this 
period of rising voltage the condensers are receiving a 
charge and are absorbing the peaks of the current and 
energy waves which are blocked and held back by the 
chokes. 


Fig. 97. Curves showing pulsating D. C. as it comes from the rectifier, 
and also after the ripples have been smoothed out by the filter. 


When the voltage of a pulsation from the rectifier 
starts to decrease toward zero the strong flux already 
built up around the chokes now collapses and induces 
in their turns a voltage which tends to keep the current 
flowing. As soon as this voltage starts to lower the 
condensers also start to discharge and supply current 
through the chokes and to the plate circuits of the re- 
ceiver tubes. 


Thus the peaks of the waves or pulsations are 
blocked by the chokes and stored by the condensers and 
then fed back into the hollows, smoothing out nearly 
all of the ripple or pulsations ın the D. C. plate supply. 
Thus the name “filter” given to this part of the power 
‘unit. 


79. VOLTAGE DIVIDER 


Section D in Fig. 96 is the voltage divider consist- 
ing of a high resistance tapped at several proper points, 
and having several fixed condensers connected in 
parallel with its various sections. 


The purpose of this resistor is to lower the voltage 
from the filter to the desired value for the plates of the 
various tubes. This is accomplished by the plate cur- 
rent flowing through the sections of this high resistance 
and causing a voltage drop. 


The output voltage of the filter of a power unit 
should be just high enough for the plate of the power 
tube, or the highest plate voltage required by the re- 
ceiver. In Fig. 96 this is the voltage obtained be- 
tween the terminals B-+- 250 and B—. This voltage 
is too high for the plates of the amplifier and detector 
tubes, so these tubes get their plate voltages at the taps 
along the resistor or “voltage divider”, as at B+ 135 
and B+ 45. The B-+ 75 terminal is for the screen 
grids of screen grid amplifier tubes. 


The fixed condensers connected between the taps on 
the resistor and the negative lead to the filter, are for 
the purpose of storing up a charge of energy or cur- 
rent during periods ot normal plate current flow, to 
be delivered to the tube plates when the signal changes 
on the grids cause the plates to draw more current. 
If it were not for these condensers, during periods 
of heavy plate current flow the increased current 
through the resistor would cause increased voltage 
drop and thereby reduce the plate voltage temporarily. 
This would tend to distort the signal and also reduce 
the amplification of the tube. With the condensers 
used as shown, when the voltage lowers slightly due 
to increased current demand and voltage drop, the 
condenser immediately begins to discharge and thus 
supplies the extra current required. Thus nearly a 
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Fig. 97-C. Photo showing several types of fixed condensers used for 
filter condensers in power supply units. (Photo courtesy of Aerovox 
Wireless Corp.) 
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constant voltage is maintained at the plate lead terminal 
during all normal variations of plate current. Fig. 97 
shows several types of filter condensers including three 
of the electrolytic type in the lower part of the figure. 

The proper resistance for each section of a voltage 
divider of a power unit can be simply and easily cal- 
culated by Ohms Law. For example, suppose the re- 
ceiver supplied by the unit shown in Fig. 96, consists 
of two 324 screen grid R. F. amplifier tubes, a 327 
detector, another 327 for the first audio stage, and 
two 345 power tubes in push pull for the last A. F. 
stage. 

The two 324 tubes each require about .004 ampere 
plate current and about .12 ampere each on their screen 
grids, the 327 tube used as detector requires about .003 
ampere plate current, and the 327 tube used as first 
A. ¥. amplifier uses about .005 ampere plate current. 
This totals .040 ampere or 40 milliamperes, to go 
through the first section of the resistor. 

We do not need to include the plate current of the 
power tubes as their current does not pass through the 
resistor but goes direct from the B+ 250 terminal to 
their plates. 

As the voltage drop required in this first section 1s 
250 — 135. or 115 volts and as E -—— L= R, then 
115 — .040 = 2875 ohms resistance needed, to cause 
the voltage drop and get 135 volts at this terminal for 
the plates of the two R. F. amplifiers and the first A. F. 
amplifier. 

To reduce the voltage from 135 to 75 volts or a 
drop of 60 volts, we find the current through the next 
resistor section is only that of the screen grids for 
the 324 tubes and the plate current for the detector, 
or -027 ampere.. Then 00 -= 027 = 2222 0hnis -Te 
sistance required in this section. 

The last section of resistance carries only the plate 
current of the detector, and must cause a voltage drop 
from 75 to 45, or 30 volts, so 30 ~ .003 = 10,000 
ohms resistance required. Convenient resistor units 
such as shown in Fig. 98, and with different values 
in ohms, can be purchased for use in power packs. 


80. GRID BIAS RESISTOR 


The tapped resistance in series with the negative B 
lead of the filter in Fig. 96, is for the purpose of ob- 
taining the negative grid bias voltages for the various 
tubes. 

All of the current from the plate and screen grid 
circuits of the receiver tubes must return through this 
resistor on its way back to the rectifier. This causes 
a proportional voltage drop of different amounts at 
the various taps along the resistor. 

The negative lead C+ and B— on this resistor 
which is connected to the B— terminal on the re- 
ceiver, is negative to the positive taps B+ 45, B+ 75, 
B+ 135, and B+ 250, but this same terminal is posi- 
tive to the taps C-3, C-9, and C-45 on the bias resistor. 
So the negative grid bias voltages can be obtained from 
the taps on this resistor, and the C+ or grid return 
lead from the filament is connected to the B— terminal 
of the power supply unit. 

The amount of resistance to be used to get the 
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proper voltage drop in the various sections o1 this 
grid bias resistor can be determined by the same rule 
or method as that used for the voltage divider, except 
that in this case we include the plate current of the 
two power tubes with the plate and screen grid current 
of the other tubes, as it all flows back through the bias 
resistor. The plate current of a 345 power tube is 
about 30 milliamperes, so for two of these tubes we 
would add .060 ampere to the .040 for the other tubes, 
making a total of .1 ampere or 100 milliamperes. 








Fig. 98. This photo shows a number of convenient tapped resistor units 
used for voltage dividers, C bias resistors, etc., in power supply units. 
(Photo courtesy of Aerovox Wireless Corp.) 


81. BATTERY ELIMINATORS 


Battery eliminators to take the place of the A and 
B batteries of a D. C receiver, are very similar to 
the power unit just described, except that complete 
eliminators have two separate rectifier units, one 
to supply the low voltage D. C. for tube filaments, 
and one to supply the higher voltage D. C. for plate 
supply. 

The rectifier in the A battery eliminator must be 
designed to handle much heavier currents at lower 
voltage, than the rectifers used for the plate supply 
or B eliminator. 

Regular 2 ampere Tungar bulbs are sometimes 
used as rectifiers in A eliminators and electrolytic 
and copper onide rectifiers are also used in some of 
these devices. 

The A eliminator requires a filter system just as 
in the B eliminator, except that the current capacity 
of the condensers and choke coils must be much 
greater to handle the filament current load. 

The B eliminator unit is practically the same as 
the power unit shown in Fig. 96, except that the 
transformer does not have the low voltage second- 
ary for tube filament supply. 

Most B eliminators are designed to supply lower 
voltage than the power units of A. C. receivers, 
because most D. C. receivers which were built for 
battery operation use tubes which do not require 
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such high plate voltages as are used on the power 
tubes of many A. C. receivers. 

A and B eliminators are built in separate units 
and in combinations of both, and are generally con- 
tained in a neat sheet metal case which looks some- 
thing like a power pack or battery charger. Thou- 
sands of D. C. sets which formerly used batteries 
are now operated from eliminators which have re- 
placed their costly, messy, and troublesome bat- 
teries. 


82. GASEOUS RECTIFIERS 

Vacuum tube rectifiers of the hot filament type 
have been explained in earlier sections. Rectifiers in 
radio power units often use a gas filled rectifier bulb 
called a Ratheon tube, which has no filament. These 
rectifier tubes make use of a well known electrical 
principle, that current will flow from a small or 
sharp electrode through space to a larger electrode 
quite easily, but will not flow from the large elec- 
trode through space to the small one nearly as easily. 

Full wave Ratheon tubes have two large elec- 
trodes made in tubular or cup shaped form, inside of 
which are located two small electrodes in the form 
of small rods or wires. These are sealed inside a gas 
filled bulb with leads brought to the outside as illus- 
trated in Fig. 99-A, and the leads are connected to 
the power transformer and filter as shown by figure 
99-B which uses the conventional symbol for this 
type of tube. The small electrodes are connected to 
opposite ends of the transformer secondary, and the 
large electrodes are connected together and to the 
positive lead of the filter. 
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Fig. 99. At A is shown a sketch of the anode and cathodes of a full 
wave gaseous rectifier tube, and on the right is shown a connection 
diagram for a tube of this type when used in a power pack. 


When alternating voltage is induced in the trans- 
former secondary, first one of these small electrodes 
and then the other becomes positive. During the 
periods when they are positive current passes from 
them, through the ionized gas to the large elec- 
trodes, and out on the positive lead to the filter, 
through the receiver, and back on the negative lead 
to the center tap of the transformer secondarv. 

When the polarity reverses so that either of the 
large electrodes tends to become positive to its 
sinall electrode, the current is almost entirely cut 
off, only a few millionths of an ampere flowing. 
When either of the small electrodes is positive many 
thousandths of an ampere flow. 


Even though one of the small electrodes is posi- 
tive when the other is negative, practically no cur- 
rent flows between them because of their distance 
from each other and also because current cannot 
easily flow through a gas or space to any small elec- 
trode. 

When voltage is first applied to'a Ratheon rec- 
tifier tube is requires about 45 seconds for the gas 
to become fully ionized and for the current to build 
up to its full value or the capacity of the tube. 


83. AUTOMATIC TUNING AND REMOTE 
CONTROL 


As previously mentioned the circuits of radio re- 
ceivers are generally tuned to the desired stations 
or wave lengths by means of variable condensers. 
In most modern sets all three of these condensers 
are connected together and operated from one dial. 
This greatly simplifies the tuning and operation of 
the receiver. 

The dials may be of the disk, drum, or band type, 
and are generally equipped with scales and mark- 
ings in wave lengths or kilocycles, or both. This 
makes it easy to locate or tune in any desired sta- 
tion, once it is charted or the operator learns where 
it can always be found on the dial. 

Some sets have automatic tuning devices which 
enable one to quickly select any desired station by 
merely pressing a marked button or lever for that 
station. Some of these devices are merely a mechan- 
ical arrangement whereby the buttons or levers 
push or move the condensers to the proper point. 
Other automatic tuners cut in or out fixed con- 
densers of the proper values to obtain the desired 
wave length change. One very effective type used 
with superheterodyne sets, simply changes the tun- 
ing of the first detector and oscillator circuits by 
switching in the proper combinations of fixed con- 
densers. Fig. 100 shows a popular type of receiver 
with automatic tuning. Note the tuning buttons 
in the small opening on the right hand side of the 
cabinet. 

Some receivers are equipped with remote control 
tuning features, which enable one to control or tune 
the set from a small push button block on a desk 
or chair arm, while the receiver is in another part 
of the room or even in a different room. The button 
control block is connected to the set by means of 
a control cable which may have from two to several 
dozen wires in it, according to the type of remote 
control used. 

Some types of remote control have a small motor 
in the receiver, which turns the dial or condensers 
to a certain position for each button pressed. The 
motor also operates a switching mechanism and set 
of relays which break its circuit and stop it at the 
proper point. 

Other forms of remote control merely switch 
fixed condensers of the proper size in and out of 
the circuit as with automatic tuning. The switch- 
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Fig. 100. Popular type of radio receiver with automatic tuning, and in 
a beautiful console cabinet. The automatic tuning buttons can 
seen where the small door is opened on the right of the cabinet. 
(Photo courtesy of Zenith Radio Corp.) 


ing may be done by a set of small relays located in 
the receiver and controlled by the push buttons and 
cable, or in some cases the condensers may be 
mounted in the same block or box with the buttons, 
and be controlled directly by the button switches. 

One type of remote control has an oscillator tube 
and its tuning condensers located in the control box. 

Most automatic and remote control devices for 
radio receivers are quite easily understood and kept 
in repair by anyone with a good knowledge of radio 
principles and circuit tracing and testing. Automatic 
tuning and remote control are often very great con- 
veniences, and a number of high grade receivers are 
being equipped with these features. 


84. TONE CONTROL 


Some recent makes of radio receivers are being 
equipped with what is known as tone control, for 
regulating the proportionate strength of the high or 
low notes of voice or music delivered by the speaker. 

Speech amplification equipment for public address 
systems, and sound picture installations are also 
generally equipped with tone control. 

Tone control can be accomplished by connecting 
across one of the audio frequency transformers, a 
condenser of the right capacity to absorb some of 
the energy of the high frequency notes, thus reduc- 
ing their strength, without reducing very much the 
low frequency notes. 

A variable resistor of about one megohm is usu- 
ally connected in series with the condenser to regu- 
late the amount of control or absorption of high 
notes as desired. The condenser used for this pur- 
pose is usually about .004 to .008 mfd. capacity. 
A choke coil in series with a variable resistor can 
also be used across the audio circuit, to absorb or 


shunt out some of the energy of low frequency or 
bass notes without greatly affecting the higher fre- 
quencies. 

You have learned that it requires much more 
energy to reproduce the low frequency notes than 
is required for those of higher pitch, so in some 
cases simple resistance volume control is used to 
cut down the energy or volume and thus reduce the 
low notes more than the high ones. 

With certain voices or musical notes and with 
certain acoustical conditions in rooms or audi- 
toriums, it is often a great advantage to have tone 
control to make the reproduction of the voice or 
music more natural and pleasing. 


85. PHONES AND LOUDSPEAKERS 


So far we have learned how radio energy is pro- 
duced, transmitted, received, detected, and ampli- 
hed. Now in order to reproduce at the receiver the 
audible sounds which were impressed on the car- 
rier wave at the transmitter, we must use a pair of 
phones or a loudspeaker. These devices operate on 
the same general principle as a telephone reciever, 
and by means of magnetic action on a diaphragm 
convert the electrical impulses from the amplifier 
output back into air waves or audible sound. 

The construction and operation of telephone re- 
ceivers have been explained in earlier sections, so 
we need not go into great detail on those principles 
here. 

Ear phones for use with radio receivers are gen- 
erally made in pairs and fastened together with a 
head band as shown in Fig. 101. The two units are 
connected in series and equipped with a cord with 
metal tips or plugs for convenient connection to 
the set. 

Ear phones for radio use are made in thin flat 
units like a central telephone operator’s head set, 
and are made as light in weight as possible for 
comfort to radio operators or testers who may wear 





Fig. 101. This photo shows a pair of earphones or headphones as they 
are often called. Phones of this type are very useful for receiving 
weak signals that are not strong enough to operate a speaker, and 

also for testing radio devices and circuits, 
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them for long periods. The upper view in Fig. 102 
shows a head set with the rubber cover and the 
diaphragm removed from one of the phones to show 
the magnets and coils inside. The lower view shows 
a slightly different phone unit for use with small 
loudspeaker horns. 

The coils of the electro-magnets in these phones 
are usually wound with several thousand turns of 
very fine enameled copper wire, and good head- 
phone sets have a resistance of 2,000 to 5,000 ohms. 
The amount of current supplied by radio receivers 
is very small, so the phone magnets should have 
a great number of turns to give them as many 
ampere turns magnetic strength as possible with 
the small currents which operate them. This is 
particularly true of phones to be used with crystal 
receivers and single tube or small low cost re- 
ceivers, where the phones must be extremely sensi- 
tive. It is also desirable to use phones with large 
numbers of turns on their coils when the phones 
are to be used with vacuuin tube receivers, because 
if the impedance of the phones is about the same 
as that of the tube plate circuit, best results will be 
obtained from the tube. 








Fig. 102. The top photo shows a pair of phones with the cover and 
diaphragm removed from one to show the magnets, and below is 
shown an open view of a single large phone unit for use on a 
speaker horn. 


Most earphones have a ring shaped or horseshoe 
shaped permanent magnet in the case, and the coils 
of the electro-magnets are usually placed over the 
ends or poles of these permanent magnets, as shown 
fie 103: 

In this sketch a sectional view of the ring shaped 
permanent magnet is shown at P, with the pole 
pieces N and S attached. The coils C are placed 
over these pole pieces as shown. 

When no current is flowing through the coils the 
permanent magnet poles hold the thin iron dia- 








Fig. 103. Sectional sketch showing the construction and operation of 
an earphone unit, Note the arrangement of the permanent magnet 
and the electro-magnet coils. 


phragm slightly attracted as at D. When current 
is passed through the electro-magnet coils it sets up 
flux and polarity which either aids or opposes that 
of the permanent magnets, according to the direc- 
tion of current flow. If this current is either A. C. 
or pulsating D. C. it will cause the diaphragm to 
vibrate and produce sound waves. 

When a pair of phones is connected in the plate 
circuit of a vacuum tube, a small amount of current 
(the normal plate current) flows through them all 
the time the tube filament is lighted. When signal 
Varlations are impressed on the grid of the tube the 
plate current pulsates or decreases and increases, 
and the pulsating D. C. causes the phone dia- 
phragms to vibrate, as shown by the dotted lines 
in Fig. 103, and thus reproduce the sound. 

When a loudspeaker or phones are connected to 
the secondary of an output transformer, instead of 
directly in tbe plate circuit. the current flowing 
through them will be alternating, but will also vary 
in value with the signal variations, so the phone 
or speaker diaphragin will still vibrate and repro- 
duce the sound. 

When handling headphones care should be taken 
not to allow the diaphragms to become permanently 
bent or loose. Sometimes a piece of dirt or mag- 
netic material will become lodged between one of 
the magnet poles and the diaphragm and will inter- 
fere with the operation of the phone. The cap can 
be unscrewed and the diaphragm carefully removed 
and the dirt cleaned out. 

Great care should be used in cleaning or work- 
ing around the coils as their wires and connections 
are so fine that they are easily broken. Headphones 
can be quickly and easily tested for open circuits 
by connecting them directly across a 1% volt dry 
cell. If the circuit is complete a click should be 
heard in the phones when the connection to the 
cell is made and broken. Headphones are very 
useful with small low power receivers, for receiv- 
ing verv weak signals from distant stations, and 
also for testing receivers. Headphones were used 
exclusively for radio reception before the develop- 
ment of loud speakers. 
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86. LOUDSPEAKERS 


Where radio receivers are operated in homes and 
for entertainment purposes it is usually desired to 
have the sound spread throughout the room so 
it can be heard by several people anywhere in the 
room, without the inconvenience of having to sit 
near the receiver and wear uncomfortable head- 
phones. 


To accomplish this we must use a loudspeaker or 
special reproducing unit which usually has a larger 
diaphragm than headphones have. It is not practical 
to try to use ordinary headphones for this purpose, 
because even if they were supplied with sufficient 
power from the output of the receiver, their dia- 
phragms are not large enough to produce the de- 
sired volume of sound without distortion and 
chattering. 


Early types of loudspeakers many of which are 
still in use with older receivers, merely used a large 
sized phone unit very similar to the ones just de- 
scribed, except with larger diaphragms. Such units 
are attached to the base or throat of a large horn. 
Fig. 104 shows a speaker of this type and also a 
large phone or reproducing unit without the horn. 





Fig. 104. A simple horn-type loudspeaker is shown on the left, and a 
reproducer unit similar to a large phone is shown on the right. 


The horn serves to give the diaphragm a better 
“grip” or control of the larger volume of air neces- 
sary to move for the louder sound. Speaker horns 
are usually made of wood, fibre, paper mache or 
such non-resonant materials, to avoid vibration of 
the horn, and “tinny” effects such as would be ob- 
tained if metal were used. Fig. 105 shows two 
horn-type loudspeakers. The one on the right has 
its own amplifier for boosting the output of an ordi- 
nary small receiver up to sufficient strength to 
operate this large unit and horn. 

Another type of loudspeaker reproducing unit 
known as the balanced armature type, is shown in 








Fig. 105. Two styles of horn speakers, one of which has an 
extra amplifier attached, 


the larger sketch in Fig. 106. In this type of unit 
a large horseshoe permanent magnet is used to pro- 
vide a field in which a small balanced iron armature 
moves. This armature is pivoted at its center and 
has a thin rod or stiff wire connecting its end to the 
diaphragm. 

The movable armature has a small light weight 
coil wound on it, or in some cases around it in sole- 
noid form, but not touching it. In either case this 
coil is connected to the receiver output and when 
current flows through it in the direction indicated 
by the arrows, it creates N and S magnetic poles 
in the armature as shown, causing its right end to 
swing down and its left end up, because of the at- 
traction and repulsion of the poles of the horseshoe 
magnet. If pulsating D. C. or alternating current 
is passed through this armature coil it will rapidly 
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Fig. 106. These sketches show the construction of loudspeaker driving 
units or reproducers of the balanced armature type. 
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reverse the polarity of the armature and cattse the 
armature and diaphragm to vibrate. 


In another unit of very similar design the coils 
are wound on the pole tips of the permanent magnet 
as shown in the small sketch at B in Fig. 106. Pul- 
sating current through these coils causes certain 
poles to be strengthened and others to be weakened, 
and the shifting flux causes the armature core to be 
vibrated as before. 


One of the latest speaker units operating on this 
principle is constructed as shown at C in Fig. 106 
and uses a stationary solenoid coil to induce the 
magnetic polarity in the iron armature. This re- 
lieves the armature of all unnecessary weight and 
eliminates the necessity of having a moving coil, 
with its possibility of breaking the flexible connec- 
tions, etc. 





Fig. 107. A cone type speaker is shown on the left in this figure, and 
on the right are shown two types of driving units or reproducers 
of the balanced armature type. 


The diaphragms used with speaker units of this 
tvpe do not need to be metal as there is no direct 
magnetic pull on them, so they are generally made 
of non-magnetic materials. 


In one very common type of speaker called the 
cone type, the driving rod of the speaker unit is 
connected to the center of a large cone instead of 
to a small flat diaphragm. These cones are niade 
of paper, fibre, treated cloth, etc. 


Cone speakers are capable of moving large vol- 
umes of air and of producing great sound volume 
with very good tone quality. They reproduce the 
low frequency bass notes of music much better than 
the small horn speakers do. Fig. 107 shows a cone 
speaker on the left, and two types of cone speaker 
reproducing units on the right. 


87. DYNAMIC SPEAKERS 


One of the best and most popular types of loud- 
speakers developed in recent years is the dynamic 
speaker, which is used on the great majority of 








Fig. 108. This photo shows several views of dynamic speakers such as 
are very commonly used with modern radio receivers. 


modern radio receivers Fig. 108 shows three views 
of dynamic speakers, and Fig. 109 is a sketch illus- 
trating the construction and operation of this type 
speaker. 


The unit consists essentially of a powerful electro- 
magnet for producing a magnetic field, and a small 
cone coil or “voice coil” attached to the apex or 
point of a stiff paper cone. 


The electro-magnet or field magnet is wound 
with a great number of turns of wire around a 
heavv iron core. When the unit is in operation the 
coil of this magnet is excited by D. C. either from 
the power supply unit of the receiver or from a 
separate rectifier. The rectifier is usually of the 
dry copper oxide type, or a rectifier tube, and is 
attached directly to the speaker. This direct cur- 
rent sets up a powerful magnetic field around the 
end of the iron core, and across the turns of the 
small movable cone coil. 


Then when pulsating or alternating current from 
the receiver output is passed through this small 
coil, the reaction between the flux of its turns and 
that of the field magnet exerts a varying force to 
vibrate the small coil. 

As this coil is attached to the cone it causes the 
cone to vibrate also. The edge of the cone is 
cemented to a flexible soft leather or buckskin ring 
or edging, which in turn is fastened to the frame 
ring of the unit. See the lower view in Fig. 108. 


The cones are often ribbed or corrugated as 
shown in the two upper views in Fig. 108. The 
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Fig. 109. This sketch shows the construction of a dynamic speaker. 


Note the large field coil, the smal] cone coil, the core, cone, etc. 


rectifier units can be seen attached to these two 
speakers. 


The large coil of a dynamic speaker not only 
serves as a field coil, but also acts as a very effective 
filter choke to smooth out the ripple in the D. C. 
from the rectifier. When these units are built into 
a radio receiver, this coil often serves as one of the 
choke coils in the power pack filter. When used 
with a separate rectifier of its own, the speaker is 
equipped with filter condensers connected across its 
own field coil as a filter choke. Fig. 110 shows a 
dynamic speaker with its field coil connected in 
series with the B— return lead of the power unit, 
and serving as one of the filter chokes. 


The voice coil or cone coil is connected to the 
secondary of the output transformer from the power 
tube of the receiver. The balance of the receiver is 
not shown. 


Dynamic speakers are made in various sizes for 
ordinary receivers in homes and for power ampli- 
fiers in large halls, theatres, etc. Dynamic repro- 
ducer units are also made for use with large horns 
of the type extensively used in sound picture and 
public address systems. 


It has been found that long throated horns of 
special design are ideal for handling large volumes 
of sound in “power jobs”. 


Fig. 111 shows several horns of this type with 
both round and square openings. These horns are 
known as exponential and orthophonic types, ac- 
cording to their shape and design. Some of the 


large ones have a “tone travel” or length of 12 feet 
or more. 


Another type speaker which has been used to a 
limited extent is known as the electrostatic or con- 
denser type. These speakers consist of two thin 
sheets of metal with a sheet of insulation between 
them, or in some cases one thin slotted plate of 
aluminum on one side of the insulator and a sprayed 
metallic coating on the opposite side. 


When the pulsating voltage output of the receiver 
is applied to these plates it causes the movable one 
to vibrate due to electrostatic attraction between 
them. A D. C. bias of several hundred volts on 
their metal surfaces often improves the operation 
of these speakers. 


Condenser type speakers reproduce very faith- 
fully all notes of music, with very little of the dis- 
tortion which some other types of speakers produce. 


88. CONSTRUCTION OF RADIO RECEIVERS 


It used to be quite common practice for people 
with a general knowledge of radio to build their 
own receiving sets, both for the novelty and experi- 
ence and to save something on the cost. Radio men 
also made a practice of building sets for their cus- 
tomers. 


This practice has been largely discontinued, how- 
ever, because numerous manufacturers are now 
turning out all kinds of receivers in attractive cabi- 
nets, and cheaper and better than the average indi- 
vidual can build them. 
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Fig. 110. Diagram of a power supply unit, dynamic speaker, and the 
last stage of power amplification of a receiver. Note that the field 
coil of the speaker is connected in series with the negative lead of 
the D. C. plate supply and serves as one of the filter chokes. Also 
note the connection of the cone coil, or “voice coil,” to the secondary 
of the output or speaker coupling transformer. 
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A general knowledge of the proper methods of 
set construction may be very useful to the trained 
radio man, however, in case he may desire to build 
experimental radio equipment or special custom 
made sets to orders of customers, and it is also 
useful in making repairs to defective sets. 


One of the first rules for building a good receiver 
or amplifier is to use good parts. Good quality 
transformers, condensers, and tubes should give 
efficient and dependable operation if carefully as- 
sembled and wired in a good circuit. 


Parts should always be neatly and carefully ar- 
ranged according to their order in the circuit, to 
keep the connections as short as possible, and yet 
have proper spacing between parts to prevent inter- 
ference. 





Fig. 111. Several types of large power speaker horns, and a large 
dynamic reproducer unit such as used with these horns. Horns of 
the above type are called exponential and orthophonic horns accord- 
ing to their design. 


Transformers, sockets, and stationary parts are 
usually lined up on a base or sub-panel of wood, 
bakelite, or metal. Wood has the advantage of be- 
ing easy to mount and fasten the parts on it, while 
metal aids in shielding the parts and provides con- 
venient common ground connections for various 
parts of the circuit. 

The sub-panel is very often mounted several 
inches above the bottom edge of the front panel to 
permit parts to be mounted both above and beneath 
it for compactness of the set. 


A vertical front panel of bakelite or metal is gen- 


erally used for mounting the variable condensers, 
tuning controls, rheostats, etc. 


R. F. transformers and parts should be spaced 
several inches apart, or else shielded from each 
other by enclosing them in partitions or “cans” of 
sheet copper or aluminum from Mo” to 46” thick. 
Proper shielding enables the set to be more com- 
pactly built and prevents interference between parts 
and stages. Shields should surround the parts as 
completely as possible, in order to entirely prevent 
inductive interference and distortion. 


Never use iron or any magnetic materials, or any 
very thin high resistance metals for shielding. 
Shields should be kept about an inch from the sides 
of R. F. coils and two inches from their tops. 


Parts in separate circuits or stages should be en- 
closed in separate shielding compartments. Any 
parts which are mounted on the shields should be 
carefully insulated from them unless the part is sup- 
posed to be connected or grounded to the shield, in 
which case a secure dependable connection should 
be made. 


Take particular care to see that any uninsulated 
wires or terminals do not touch the shields. See 
that all shields are well fitted and fastened securely 
so they cannot vibrate, and see that they are all well 
grounded. The grounded metal chassis and shields 
of modern sets are generally used as a common 
ground for all negative return leads. 


If audio transformers are not shielded and are 
to be mounted very close together, it is well to 
mount them with their cores at right angles to each 
other to prevent linking of their fields. 





Fig. 112. This view shows the wiring and parts arrangement of a bat- 
tery operated receiver, which is very easy to construct. 


89. WIRING 


Radio set wiring was formerly extensively done 
with stiff, bare, nickel plated copper wires of about 
No. 14 B & S gauge, known as bus wire. This form 
of wiring properly done makes a neat and impres- 
sive appearing job, but it is no better and in some 
cases not as good as the wiring with flexible rubber 
covered wires which is used almost exclusively in 
modern sets. Fig. 112 shows a neat job of bus 
wiring and neat arrangement of the parts of a bat- 
tery operated set. 
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Fig. 113. Several types of tube sockets for both four and five prong 
tube bases. Note the connection terminals and soldering lugs for 
securely attaching the wires. (Photo courtesy of Benjamin Electric 
Mfg. Co.) 


The flexible wiring is much quicker and cheaper, 
is more compact, and fully as efficient if properly 
done. The wire used for this purpose is usually 
a flexible wire of number 14, 16, or 18 size, and in- 
sulated with rubber but no braid. 


All joints and connections whether made between 
wires, or between wires and terminals on parts and 
devices, should be carefully and securely made, and 
then well soldered. This is extremely important be- 
cause the energv in some of the circuits is so small 
that any appreciable resistance in the connections 
will greatly reduce the efficiency of the receiver. 
It is also important because joints or connections 
which work loose even slightly, will cause a lot of 
crashing and sputtering noises in a receiver when 
the set or wires are vibrated or jarred. 


Radio parts are usually equipped with connec- 
tion terminals or soldering lugs. Fig. 113 shows 
several modern tube sockets with their soldering 
lugs and terminal nuts for attaching the wires to 
them. Fig. 113-A shows several filament rheostats 
with terminal, nuts or “binding posts”. 


When soldering joints and connections in radio 


|| 


i 


receivers or amplifiers, always use a good non- 
corrosive flux, and take pains to do a neat and thor- 
ough job. Make sure the splice is well cleaned, 
heated, and fluxed so that the solder when applied 
will flow freely and neatly, and make a permanent 
low resistance connection. “Resin joints” or sol- 
dered connections which appear good on the out- 
side, but from which the flux was not thoroughly 
heated or boiled out, are often the cause of failures 
in radio receivers. 


When wiring a receiver never run grid and plate 
wires parallel or close to each other, on account of 
the objectionable feed back coupling and distortion 
this will cause. Also avoid running parallel to each 
other any conductors which carry high frequency 
currents, unless these wires are separated an inch 
or more apart, or are shielded. 


Fig. 114 shows a rear view of a factory made re- 
ceiver chassis with its power unit and loud speaker 
mounted on a separate base. Note the shielding of 
the R. F. transformers located to the right of the 
tuning dial, the gang condensers on the left, and 
also the shields around six of the tubes. The audio 
frequency transformers, some other small parts, and 
most of the wiring, are located under the sub-panel. 


lig. 115 shows a front view of another factorv 
made A. C. set. The power pack is on the left and 
the gang condensers with the front of their shield 
removed, are shown to the right of the tuning dial. 
Note the arrangement of the shielded tubes and 
R. F. transformers at the rear. The tube shields can 
be distinguished by their perforations to let out the 
heat. The non-perforated “cans” contain the R. F. 
transformers. The A. F. transformers are under the 
sub-panel on this set also. 


Fig. 116 shows still another arrangement of tubes, 
R. F. transformers and shielding of a factory built 
chassis. Note the power transformer, tubular elec- 
trolytic filter condensers and rectifier tubes of the 
power pack on the left. Also note the screen grid 
tubes, distinguishable by their top connections, the 
large power tube at the rear. the tuning condensers, 
tuning dial, etc. 


Fig. 117 shows the under side of the sttb-panel of 





Fig. 113-A. Above are shown several types of wariable resistors euch as are used for filament rheostats, volume controls, biasing 
potentiometers, etc. 
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one type of chassis and a great deal of the set 
wiring: 

These various views just shown give a general 
idea of the type of construction, wiring, and shield- 
ing used in modern factory built sets. You can 
readily see how sets of this type should if properly 
built. give better results than home made sets will, 
unless considerable time and trouble is spent on the 
shielding and wiring of the home built receiver. 

Many good receivers, amplifiers, and special ex- 
perimental radio devices can be built on wood 
panels in the home or small shop, however, if the 
parts are properly spaced, or shielded, and if the 
general rules just given are carefully followed. 


90. TESTING AND SERVICING RECEIVERS 


One of the best fields of opportunity in which the 
radio man can profitably apply his knowledge, is in 
the testing, servicing, and repairing of radio re- 
ceivers in homes, and speech amplification equip- 
ment in theatres, schools, hotels, ete. There are mil- 
lions of radio set owners who really don’t know 
much about their sets or what to do when they go 
wrong, and a radio service man who builds a good 
reputation in his community for being able to 
quickly locate and correct troubles in these sets, 
will usually find his services in demand. 


Fig. 113-C. This view shows the parts arrange- 
ment in a superheterodyne set using a raised 
sub-panel beneath which the wiring is done. 
This makes the wiring much more convenient, 
and when a metal sub-panel is used it shields 
the wiring from the parts and devices of the 
set. The I. F. transformers, A. F. trans- 
formers, tubes, tuning condensers, tuning 
dials or drums, rheostats, and oscillator 
coupling coil can all be clearly seen in tbis 
view. 


Fig. 113-B. This view shows the wiring and 
parts arrangement for a superheterodyne radio 
receiver in which the parts are all mounted 
on the top surface of the baseboard and on 
the rear of the front panel. The round coils 
shown in the foreground are R. F. and I. F. 
{intermediate frequency) transformers. Shield- 
ing from “body capacity” effects between the 
tuning condensers and the operator’s hands, 
can be made in a set of this type by placing 
a sheet of aluminum or copper on the back 
of the vertical panel, between it and the con- 
densers. If this is not done body capacity. 
sometimes causes detuning and howling. 


Radio manufacturers and dealers, department 
stores, hardware and electric shops that handle 
radios. are generally glad to find and hire a really 
good radio service man. 

Radio trouble shooting and service work are both 
easy and interesting for one who has a good general 
knowledge of radio principles and devices, and a 
thorough knowledge of electricity and circuit trac- 
ing and testing. Your practical shop training in 
these subjects here at Coyne, and a careful study 
of the material covered in this reference set, should 
well fit you for capable work in this line. 

When starting to look for any trouble in a radio 
receiver, always use a definite systematic method 
of testing for fault location, and keep in mind what 
we have emphasized before, that any trouble or 
fault can be located by careful and systematic test- 


ing. 
91. COMMON TROUBLES 


There are a great many possible causes of trou- 
ble in radio sets, but the most frequent and common 
troubles are caused by only a few things such as 
defective tubes: weak batteries; failure of power 
supply ; broken, loose. corroded and high resistance 
antenna or ground connections; defective condenser 
or transformer; or an open circuit, short circuit, or 
ground in the set wiring. 
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Fig. 114. Photo of a factory made A. C. receiver, with a metal chassis 
and thoroughly shielded parts. The dynamic speaker and power 
supply unit are also shown in this view. (Photo courtesy of Silver 
Marshall Inc.) 


Defective tubes are the most common cause of 
trouble in all kinds of receivers. Weak, discharged 
batteries or corroded battery terminals are one of 
the most common troubles in battery operated sets, 
and poor antenna and ground connections are also 
frequent causes of poor operation. In many cases 
the service man finds it only necessary to replace 
or tighten a plug in the convenience outlet, or to 
turn on a switch on the power unit or in the light 
circuit, to put the set back in operation. So these 
common things should be carefully checked before 
spending much time looking for more complicated 
troubles. 





Fig. 115. This photo shows another view of compact, factory made re- 
ceiver with the power unit located on the left. Note the arrange- 
ment and shielding of parts. The wiring, A. F. transformers, and 
some other small parts are located beneath the sub-panel. (Photo 
courtesy of Silver Marshall Inc.) 


92. TEST EQUIPMENT. SET ANALYZERS 


Radio service work does not necessarily require 
a lot of expensive test equipment, as most troubles 
can be found with a low voltage test lamp and bat- 
tery, a portable voltmeter or ohmmeter, and a tube 
tester. A good set analyzer ts a great help and time 
saver, however, and any service man who is doing 
much of this work should by all meaus have one. 


Fig. 118 shows a popular type of set analyzer with 
which practically any service test can be made on 
a radio receiver. There are a number of these de- 
vices on the market, ranging in price from $20.00 
to $100.00 or more, for the very complete types. 

In general the set analyzer consists of a volt- 
meter with several scales for reading low and high 


voltages, an ammeter with several scales for read- 
ing amperes, and milliamperes, one or more sockets 
for inserting and testing tubes from the radio set, 
a plug and adapter for inserting in the various tube 
sockets of the receiver and testing the condition of 
each stage, a small dry battery for supplying test 
voltages, a set of test prods or points with their 
flexible leads for making continuity tests in the 
wiring, and the various terminals and control but- 
tons for obtaining the different readings. Each of 
these various parts can be seen in Fig. 118. 


The various meter readings of millivolts or volts, 
and milliamperes or amperes for the different parts 
of the circuit under test, can be obtained with the 
multiple scale instruments by pressing the proper 
switches on the panel to connect the proper resist- 
ances in series with the voltmeter and the proper 
shunts across the ammeter. Some set analyzers have 
a greater number of meters, with single scales for 
separate test readings. 


Set analyzers are very convenient for locating 
weak or defective tubes bv testing them one at a 
time in the analyzer socket and taking meter read- 
ings of the filament current, grid voltage, plate volt- 
age and current, and thus determining the exact 
condition of the tube. They are also a great time 
saver in determining what stage of the receiver a 
fault is located in, by starting at the R. F. end, with 
the set in operation, removing one tube at a time 
and placing the plug of the analvzer in the socket 
from which the tube is removed, and noting the 
readings or cutput of each stage in this manner. 


Set analyzers are usually supplied with an accom- 
panving trouble chart and test directions supplied 
by the manufacturers. By following these instruc- 
tions for any particular analyzer until one gets used 
to the instrument, it is very easy to make the vari- 
ous service tests with it. 


Some manufacturers of set analyzers also supply 
convenient test data charts such as shown in Fig. 
119, for various common makes of radio sets. These 
are very helpful in making quick and accurate com- 
parisons throughout the set, stage by stage. If these 





Fig. 116. This photo shows a top view of an A. C. receiver of still 
different construction and shielding than either of those shown in 
Figures 114 or 115. (Photo courtesy of Silver Marshall Inc.) 


Common Radio Troubles and Symptoms. Tee. 


charts are not supplied with the set analyzer they 
can usually be obtained, along with a circuit dia- 
gram for any particular receiver, by writing to the 
manufacturer of that receiver. Every radio service 
man should have this material on hand for the sets 
he is most frequently servicing. 
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Fig. 117. This view shows the under side of the sub-panel of a modern 
factory made receiver. Note the wiring and parts which are con- 
veniently arranged beneath this panel. (Photo courtesy of Silver 
Marshall Inc.) 


93. CLASSES OF FAULTS, AND GENERAL 
SYMPTOMS AND TESTS 


Common radio set troubles can be divided into 
four general classes as follows: 1. Complete failure 
to produce signals; 2. Signals weaker than normal ; 
3. Signals distorted from normal tone quality; 
4, Noisy reception. 

In some cases more than one of these troubles 
occur at the same time. \When a set gives abnor- 
mally weak signals, distortion and noise will often 
accompany them. 


Distortion can be divided into several different 
kinds as follows: Loss of low notes, producing 
“tinny” high pitched reproduction; coarse or rat- 
tling reproduction: loss of high notes, producing 
muffled reproduction. 


Noise can be divided into the following types: 
Hum, static, motorboating, whistling or squealing, 
and microphonic noise. 


Experience and practice will enable one to rec- 
ognize certain comnion radio troubles by the sounds 
or symptoms they cause. For example there is a 
certain characteristic how! of a microphonic tube: 
a certain type of hissing and crackling noise caused 
by weak A or J} batteries: certain classes of dis- 
tortion due to defective tubes in detector or first 
A Peo etae cs or dctectime oy, Fy transtormenrc. low 
pitched 60 cycle hum due to defects in power supply 
unit, defective bypass condenser or open grid cir- 
cut on irst A. T. tube. Other symptonis of tiis 
nature will be explained later. 


In starting to locate trouble in a radio receiver, 
if some familiar svmptom does not indicate just 
about where the trouble is, vou should first make a 
quick general examination of the tubes, antenna and 
ground connections, batteries if used, plug, cord and 


110-volt power supply if used, speaker connections, 
Cle: 

If this general examination does not show up the 
trouble, vou should then try to localize the trouble 
and determine whether it is in the antenna circuit, 
Ke Purstacges;.detector,.\. states, power uit, or 
speaker. 

If no signals are obtainable from the set. the 
trouble will usually be found in some part of the 
antenna circuit cr in the power supply. 

{ft all the tube filaments light and it a noticeable 
click is heard in the speaker when the rectifier tube 
is removed from its socket, it 1s quite likely that 
the power supplv is all right, and that the trouble 
is probably in the aerial circuit. The click heard 
when the rectifier tube is removed indicates that 
the plate circuits of the receiver tubes are supplied 
with power. 

If all but one or two tubes light up, those which 
do not are probably burned out, although their fail- 
ure may also be due to an open in some part of the 
Plameni winne. 


lf anv of the tubes iiran A-C. receiver holt up to 
their normal brilliancv it indicates that the primary 
of the power transformer is all right. 

The power supply unit is a very vital part of the 
receiver and is more apt than almost any other part 
to cause complete failure of the receiver. 


In case weak signals are leard and the selectivitv 
and sensitivity of the set are poor, the trouble is 
usually in the R. F. stages. A simple test to de- 
termine whether the trouble is in the R. F. or A. F. 
stages. is to lightly tap the detector tube with a 





Fig. 118. Convenient test kit or set analyzer for shooting trouble and 
making accurate fault location tests on radio receivers. Instruments 
of this type are very useful to the modern radio service man. (Photo 
courtesy of Jewell Electrical Instrument Co.) 
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pencil or finger nail. If this produces a ringing note 
in the speaker, it is a fairly good indication that 
the A. F. stages are functioning properly, and we 
can look for the trouble in the R. F. stages. 

If the signals are noisy and distorted from their 
natural tone the cause of the trouble will usually be 
found in the A. I. stages, although either the aerial 
system or R. F. stages may at times be to blame 
for noise and distortion. 

After one becomes familiar with the various forms 
of distortion you can usually determine about where 
the trouble is. 
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Fig. 119. Convenient data charts for making continuity tests with set 
analyzers, can be obtained from the instrument manufacturers or 
from the makers of the receiver to be tested. These charts are a 
great aid to the service man. 


If the audio stages are suspected, a simple test 
to determine if the fault is there, can be made by 
removing the detector tube from its socket. If the 
noise still continues the trouble is in the A. F. 
stages. It does not, however, always indicate that 
the audio stages are allright if the noise stops upon 
removal of the detector tube. 

If all the tube filaments light, but we neverthe- 
less suspect that a defective tube is the cause of the 
trouble, if no set analyzer or tube tester is available 
the tubes can be changed around or replaced one at 
a time with a good one, until the defective one is 
located. 


94. LOCALIZING THE TROUBLE 


If a receiver does not operate or give any signals 
at all, then a definite systematic inspection and test 
is necessary to locate the trouble. Before starting 
detailed tests of the internal parts and wiring of the 
set, always remember to carefully check the an- 
tenna circuit, tubes, power unit or batteries, and 
the speaker. 

In checking the antenna circuit make sure that 
the antenna and ground connections are clean and 
tight at the set, and that the ground connection to 
the water pipe or ground rod is also clean and tight. 
See that the antenna is not down, or grounded by 
contact with some other wire or metal structure. 

see that all tubes light or burn, but remember 
that the filaments of modern A. C. tubes do not need 
to light up brightly, but only glow a dull red. Test 
the tubes in a set analyzer or tube tester, or by re- 
placing them with good tubes. If all tubes fail to 
light the trouble is almost certain to be in the A 
battery, power unit, or filament switch or wiring, 


although it is possible that all tubes are burned out 
due to some wiring defect or wrong connection 
having placed the “B” voltage on their filaments. 

In checking the A battery, test it with a hydrome- 
ter for state of charge, and carefully check for 
corroded terminals. In checking a-power pack. first 
see that the light circuit to which it is plugged is 
alive, by testing with an A. C. voltmeter or 110 
volt test lamp. Examine the cord to see that the 
wires are not broken under the insulation, and see 
that the plug and all connections are tight. Test the 
filament voltage supply terminals with a low read- 
ing voltmeter and the plate voltage suppl ter- 
minals with a higher reading voltmeter. 

In checking the speaker, see that its cord is not 
broken or shorted, and see that the connections both 
at the output of the set and at the speaker unit are 
secure. See that the diaphragm or cone is not 
jammed or badly bent. If the speaker is of the 
dynamic type the field coil can be tested by holding 
a nail, screwdriver or some magnetic object. near 
the end of the iron core inside the cone, while the 
set is turned on. If the coil is alive a strong mag- 
netic pull will be felt. Examine or test the flexible 
fine wire leads to the cone coil as these often get 
broken. 

An ordinary magnetic speaker having only two 
leads can be quickly tested by tapping its terminals 
on a B battery, which should result in a loud click. 
With dynamic speakers the same test can be made 
with the cone coil leads, assuming of course that 
the field coil is supplied with power and is ener- 
gized. Do not leave the speaker connected to a 
RB battery or its coil may be burned out. 
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Fig. 126. The sketch at A shows the connections for using a low 
reading voltmeter for making continuity tests, and the one at B 
shows the connections for using a milliammeter for this purpose. 


95. CONTINUITY TESTS 


If the antenna circuit, tubes, batteries or power 
pack, and speaker all test O. K., and the set still 
refuses to operate, then we must make a thorough 
test of the set itself, starting at the antenna and 
ground terminals or primary of the first R. F. trans- 
former, and proceeding straight through to the out- 
put or speaker terminals. 
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This test should include every device in the set, 
such as transformers, R. F. and A. J^., condensers 
fixed and variable, resistors, rheostats, potenti- 
ometers, sockets, wiring joints, etc., to determine 
whether there are any open circuits, high resistance 
connections, short circuits or accidental grounds in 
anv of the devices or wiring. 

A test of this nature is known as a continuity 
test, as it tests the continuity of cach circuit and 
determines whether the circuits are continuous and 
in normal condition or not. A continuity test is the 
surest and best method of locating some elusive 
fault that cannot be found by the general tests or 
inspection so far explained. 
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Fig. 120-C. Convenient Ohmeter or circuit tester which is also very 
valuable for continuity testing and radio trouble shooting. (Photo 
courtesy of Weston Electrical Instrument Co.) 


Continuity tests can be made with set analyzers 
which are provided with test leads and points that 
can be attached to the terminals of a voltmeter or 
imillannneter nr thesanalyzei-and with a smal C: 
battery in series to produce the readings. 


If no set analyzer is available, continuity tests 
can be made with- a small portable voltiteter and 
test leads and prods, with a C or b battery in series 
as shown in fig. 120: or with a low reading milli- 
ainmeter having «scale ior O to lei hamperes,in 
series with a °C’ battery, resistor, and the test 
points, as shown in Fig. 120-B. A portable ohm- 
meter with a self contained 1% volt Nashhght cell 
is also a very convenient instrument for making 
continuity tests. Fig. 120-C shows an instrument of 
this tvpe with a double scale for both low and high 
readings. 


In making continuity tests a circuit diagram of 
the receiver should be referred to unless you are 





thoroughly familiar with the set, and each circuit 
should be tested to see that it is complete and that 
its resistance is normal, or what it should be for 
that circuit or device when in good condition. Here 
again is where the continuity test charts supplied 
by manufacturers are a great help to the service 
man. These charts show the readings which should 
be obtained on every test and are a valuable guide 
and time saver if carefully followed. lor this reason 
the service man should have this data on all sets he 
is commonly working with. 

In testing a circuit make the test thorough and 
complete from its start to finish, as each wire and 
device in every circuit has a function to pertorm 
and it requires only one invisible open, short, 
ground, or high resistance connection to prevent 
proper operation of the entire receiver. 

As each device, circuit or stage of a receiver is 
tested and found to be normal, that part can be 
climinated as a possible cause of the trouble. 


Before starting a continuitv test the receiver 
should be disconnected from the batteries, or if it 
is an A. C. receiver its power supply plug should be 
removed from the 11C volt socket or receptacle, so 
the receiver will be entirely dead. This is necessary 
to prevent obtaining false readings and also to pre- 
vent possible damage to the test instrument or re- 
ceiver tubes, when various wires and leads are 
touched with the test points. 


When a milliammeter is used for continuity test- 
ing the resistor or the battery voltage should be ad- 
justed so that when the test prods are shorted to- 
gether the meter will give nearly full scale reading. 
Then when testing across wiring joints or connec- 
tions or at the terminals of low resistance coils or 
devices the reading should still be nearly full scale. 
When testing very high resistance devices such as 
potentiometers, grid Ieaks or coupling resistors of 





Fig. 121. Another type of small and convenient radio test instrument 
which is less expensive than some of the larger testers. 





thousands of ohms resistance, the reading will drop 
In proportion to the resistance. The resistance of 
windings of R. F. or A. F. transformers is not high 
enough to make much difference in the reading of 
a 0 to 1 milliammeter. \n open circuit will give no 
reading. A good condenser will show no reading 
when tested with a milliammeter and battery. If the 
nulhammeter shows any reading on a condenser it 
indicates that the condenser is shorted. If it is a 
fixed condenser it must be replaced. If it is a vari- 
able condenser the trouble may be corrected. Con- 
densers should alwavs be disconnected from their 
circuit before testing or a false reading will be ob- 
tained from attached closed circuits. 

When using a voltmeter for continuity tests the 
meter should be of the proper rating or design to 
give a full or nearly full scale reading with the volt- 
age of the battery used, when the test points are 
shorted together. When the test points are then ap- 
plied to circuits and devices the reduced meter read- 
ing indicates the voltage drop through them. Test- 
mg across wiring joints or terminals or across R. F. 
coils or transformers and other low resistance de- 
vices, should show no appreciable voltage drop un- 
less there is some high resistance fault or open cir- 
cuit in them. An open circuit will give no reading 
at all on the voltmeter. Windings of audio trans- 
formers and chokes are high enough resistance to 
show a little drop from full scale reading, but if the 
meter shows a considerably lower reading on them, 
it indicates a high resistance connection. 

When testing verv high resistance devices such 
as potentiometers, grid leaks, and resistors of many 
thousands of ohms, the voltmeter will show con- 
siderable voltage drop by a much lower reading. 

When using an ohmmeter for continuity testing, 
the instrument reads directly the resistance of any 
circuit or device being tested, and thus gives very 
reliable and easily understood indications. After 
performing a number of continuity tests one gets 
to know just about what readings to expect from 
the tests on various devices in good condition, even 
without the manufacturers data, and even though 
the readings may vary slightly on different makes 
of equipment. 


96. MECHANICAL TROUBLES, AND 
GENERAL 


All moving parts such as variable condensers, 
rheostats, potentiometers, etc.. in defective radio 
receivers, should be carefully examined for dam- 
age due to mechanical wear, or for parts or flexible 
connections having become loose. 

Variable condensers should also be checked to 
see that none of the plates have become bent so 
they touch, or that dirt of a conductive nature is not 
partially shorting the plates. Bent or rubbing con- 
denser plates will usually be indicated by a harsh 
scratching sound when the condenser is rotated dur- 
ing operation of the receiver. 
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Very weak signals are often caused by gang con- 
densers being out of balance, and in such cases 
they should be carefully re-balanced by adjusting 
the small single plate balancing or trimming con- 
densers while listening to the output reception of 
a local station, or with the set excited from a modu- 
lated oscillator. An output meter on a set analyzer 
is a great help to balance condensers more accur- 
ately. 

Spring contacts in tube sockets sometimes become 
bent or corroded so that they do not make contact, 
or only make a poor high resistance connection to 
tube prongs. These contacts can usually be bent 
back into firm connection with the tube prongs, and 
cleaned with a narrow strip of sandpaper or emery 
cloth held over the end of a flat pointed stick. Some- 
times, on tubes in the old style sockets where the 
tube prongs only make contact at their tips, these 
tips may need to be brightened and have corrosion 
removed from them by moving the tube back and 
forth in the socket, or by removing it and lightly 
polishing the prong tips with fine sandpaper or a 
fine file. 

Audio transformers sometimes develop open cir- 
cuits due to corrosion from soldering flux eating 
away the fine coil-lead wires near their terminals. 
A transformer with an open or burned out winding 
should be replaced with a new one of the same type 
and ratio. i 
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Fig. 122. Circuit diagram of a portable modulated oscillator which can 
be easily and cheaply made and is very useful for testing, balancing, 
and neutralizing radio receivers. 


97. TUBE AND VOLTAGE TROUBLES 


When testing the plate voltage, plate current, 
grid voltage, and filament voltage of tubes with an 
analyzer or test instrument, these values should be 
very close to those given in the manufacturers test 
data for the tubes. The plate current may, how- 
ever, vary some for the same tubes when used in 
different receivers, but if it is very much off there 
is probably some fault causing it. 

Some of the common causes of wrong voltage 
and current on-tubes are as follows: Excessive 
plate current may be caused by too high plate volt- 
age; too low grid bias voltage; too high filament 
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voltage: leaky condenser or poor circuit insulation ; 
or a defective tube. Insufficient plate current may 
be caused by too low plate voltage; grid bias volt- 
age too high; low filament voltage: or defective 
tube. 

If a test with a meter shows that the plate voltage 
Is excessive this may be due to an open circuit in 
the negative end of the voltage divider in the power 
unit, to excessive negative grid bias: to low filament 
voltage; or a defective tube. Too low plate voltage 
may be due to failure of the power supply unit; low 
negative grid bias; too high filament voltage; or a 
defective tube. 

It the grid biasing voltage is found to be too low, 
too high or reversed, this may be due to an open cir- 
cuit at the “C” battery or bias resistor; a shorted 
bypass condenser across the “C” battery; leakv in- 
sulation or blocking condenser between grid and 
plate supply circuit; open transformer secondary in 
the grid circuit, or a defective tube socket. 

If the filament voltage is wrong it may be due 
to a weak A battery or loose, corroded connections; 
a faulty or poorly adjusted A eliminator; an over- 
load or partial short on the filament circuit; or im- 
proper line voltage on the house circuit to which 
the power unit is plugged. 

A defective tube may cause wrong readings due 
to loss of vacuum, which will generally cause a 
bluish glow in the tube; a dead or deactivated fila- 
ment; or to a short circuit in the tube, caused by 
the grid touching the plate or filament. 

Some tubes are very microphonic and produce a 
howl at the speaker every time the receiver is vi- 
brated slightly. ‘This vibration causes a loose fila- 
ment or grid to vibrate, and the changes in spacing 
between them and the plate cause corresponding 
plate current variations and sound. Microphonic 
tubes should be replaced, or a temporary remedy 
can be effected by fitting a piece of heavy rubber 
hose or inner tubing tightly over the top of the 
tube to dampen its vibrations. 


98. COMMON TROUBLES IN R. F. STAGES, 
DETECTOR, AND AUDIO STAGES 


Lack of sensitivity in the R. F. stages of a re- 
ceiver may be caused by poorly balanced tuning 
condensers; an open or shorted R. F. transformer 
coil; open or shorted bypass condenser; defective 
tube; wrong filament, grid, or plate voltages; or a 
high resistance antenna or ground connection. 
Dampness or moisture absorbed by R. F. coils and 
condensers may also be a cause. 

A continuity test will usually locate any faulty 
device or circuit, and repairs or replacement can be 
made according to the nature of the trouble. 

Broad tuning or lack of selectivity may be due to 
most any of the causes of poor sensitivity just men- 
tioned; or it may be due to too long an antenna; 
wrong “C” bias voltage on the tubes: or to some 
trouble in the circuit or volume control. Sometimes 








Fig. 123. This photograph shows a service man on the job with a set 
analyzer, making trouble tests on a radio receiver. 


broad tuning is blamed on the receiver when it is 
really caused by some powerful local station. 


In such cases if tlie undesired station cannot be 
tuned out by the receiver when it is in good condi- 
tion and fairly selective on other stations, a wave 
trap consisting of an auxiliary tuner or variable 
condenser and inductance, can be shunted across 
the antenna and ground terminals of the receiver 
and used to tune out the undesired station. 


Oscillation in R. F. stages may be due to poor 
shielding; careless wiring; defective volume con- 
trol; set not neutralized; bad tube; or wrong volt- 
ages. 

Foreign noise in R. F. stages is generally due to 
loose connections in the wiring, or at the terminals 
of condensers, sockets, rheostats, etc.; or to loose 
shield cans; rubbing condenser plates; or defective 
volume controls or filament rheostats. 

Trouble in the detector circuit may be due to a 
defective tube; wrong voltages; loose connections ; 
wrong grid leak resistance or C bias, etc. 

Lack of sensitivity in detectors is often due to a 
bad tube; wrong plate or filament voltages: or an 
open circuited grid lead, condenser or “C” batterv. 

Noise from the detector may be caused by a 
microphonic tube; dirty or loose tube socket con- 
nections; poor or loose grid leak resistor, etc. Too 
high resistance in the grid leak will cause “motor 
boating”, or a put, put, put, sound like an engine 
exhaust. 

A.C. hum may be caused by poor shielding: lack 
of proper bypass condensers in grid and plate cir- 
cuits; or to induction from nearby A. C. circuits. 

Troubles in audio stages may be due to poor 
tubes; defective A. F. transformers; wrong volt- 
ages on tubes; defects in wiring; dead “C” battery ; 
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defective bypass condensers, etc. An open trans- 
former primary will cut off the plate voltage to the 
tube preceding it, or in whose plate circuit the 
primary is counected. An open transformer sec- 
ondary will cut off the grid voltage to the tube fol- 
lowing it, or in whose grid circuit the secondary is 
connected. 

Open, shorted, or burned out A. F. transformers 
can be easily located by a continuity test, and 
shonld be replaced by ones of the same general type 
and the same ratio. l 


Loose connections in A. F. transformers are quite 
common and cause a lot of noise when the set is 
jarred or vibrated. 


99. SPEAKER TROUBLES 


Trouble in magnetic type speakers may be caused 
by loose connections; jammed or bent diaphragms 
or cones; loose armatures of the balanced tvpe 
striking the pole tips; loose driving rod or parts; 
collection of iron filings or magnetic particles in 
the narrow gaps between poles and armature or 
diaphragm. 
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Fig. 124. Two types of filter circuits for interference elimination, or 
for reducing radio interference caused by electrical disturbances 
near the receiver. 


Damaged cones or diaphragms usually cause a 
weak tinny sound, and when found should gener- 
ally be replaced instead of trying to repair them. 
Loud chattering sounds are caused by the armature 
striking the pole tips. Rasping, scratching sounds 
are caused by dirt or magnetic particles rubbing on 
the armature or diaphragm. Light rattling sounds 
are generally caused by a loose driving rod or parts. 


Poor volume may be due to a weak permanent 
magnet; open or short in a coil; or to defective in- 
sulation on the speaker cord. A broken connection 
at one of the electromagnet coils mav cause a per- 
manent open, or it may cause a lot of noise as the 
speaker vibrates slightly. 

Trouble in dynamic speakers may be caused by 
an open field magnet coil; bv failure of voltage sup- 
plv to field coil due to defective rectifier tube, de- 


é 


fective dry oxide rectifier, or defective filter con- 
denser or transformer of separate speaker power 
supply unit. Dynamic speaker troubles may also 
be caused by a shorted or open cone coil; damaged 
cone; filings or dirt stuck between magnet and cone 
coil; or cone off center. 


Failure of the field magnet coil is usually indi- 
cated by weak. raspy reproduction and almost no 
bass notes. This field magnet can be tested as pre- 
viously mentioned by holding some clean iron object 
near its center pole to note the strong magnetic 
pull, if the coil is operating properly. 

An open circuit in the cone or voice coil will stop 
all reproduction, and a partial short of this coil 
will cause reduction of bass notes and poor sound 
reproduction. These cone coils often become shorted 
bv being off center and rubbing on the. field magnet 
poles. Their flexible leads also become broken 
occasionally by vibration or abuse. 


If iron filings are found in the magnetic gap they 
should be cleaned out by collecting them on a 
pointed magnetic tool, or with a stiff piece of paper. 
If necessary the cone can be removed and the filings 
and dirt wiped out with a cloth or brush. 


If the cone becomes broken or damaged very 
badlv it is usually best to replace it. 


On dynamic speakers which have their own 
power units for supplying D. C. to the field coil, 
the rectifier tube may become defective or entirely 
dead, or the dry oxide réctifier, if one is used, mav 
have reached the end of its useful life and if so 
should be replaced. A shorted filter condenser will 
cause failure of the current supply to the field coil, 
and an open circuited filter condenser will cause 60 
cycle hum in the speaker. An open in the trans- 
former or cord, or failure of the 110 volt supply 
will of course cause the speaker: to fail. 


Some dynamic speakers use a means of balanc- 
ing out 60 cycle hum by feeding a small amount of 
the pulsating field current into the cone coil through 
a variable resistor. By adjusting this resistor the 
hum can be completely balanced out when the 
speaker is in good condition. 


100. POWER SUPPLY TROUBLES 


Troubles in power supply units may cause com- 


plete failure of the unit, wrong supply voltages, or 
bad A. C. hum. 


Complete failure is generally due to an open in 
the 110 volt supply line or power transformer wind- 
ings; to a defective rectifier tube; shorted filter con- 
denser; or to an open circuit in a filter choke or in 
the wiring. A continuity test will locate any of 
these faults. 


Wrong supply voltages may be caused by a bad 
rectifier tube; open circuit in the voltage divider 
resistance; shorted or open condensers or chokes; | 
overload on the power unit due to shorts in the re- 
ceiver; or to incorrect supply line voltage. 
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If the line voltage is too high or too low it can 
usually be corrected by adjustment of the line bal- 
last resistor or taps in the circuit of the power 
transformer primarv. | 

Rectifier tubes have a limited useful life and 
should therefore be tested or compared with a new 
tube when suspected of causing trouble. 

Defective resistors. condensers or chokes should 
be replaced. unless the defect is merely a broken 
connection at the terminal. 


101. MODULATED OSCILLATOR 


We have mentioned that a modulated oscillator 
.is a very useful device for exciting receivers with 
high frequency energy when neutralizing them, or 
when balancing gang tuning condensers and mak- 
ing comparative tests of any kind. These oscillators 
produce a high frequency wave that is modutated 
at an audible frequency, by the “spilling” action of 
the grid leak and condenser. 

Portable oscillators of this type can be pur- 
chased, or thev can be easily built at very low cost. 
Fig. 122 shows a connection diagram for a simple 
modulated oscillator using a 201-A or 301-A tube: 
erid leak and condenser; a simple center tapped 
inductance coil for coupling the grid and plate cir- 
cuits for regeneration and oscillation, and also for 
inductively coupling the oscillator to the recerver: 
a tuning condenser for adjusting the pitch of the 
audible note: and the necessary A and B batteries 
and flament rheostat. The coupling coil consists 
of a center tapped coil of about 100 turns of No. 24 
or 26 wire, on a tube or form about 1%” in diameter, 
and the tuning condenser is of .00035 mfd. 

An oscillator of this type can be coupled to a re- 
ceiver by merely setting it with the coupling coil 
close to the aerial lead of the receiver, or by setting 
it 15 or 20 feet from the receiver and running a 
wire from the coupling coil to any R. F. transformer 
coil. according to which stage you wish to test. 
The ends of the coupling wire can be just looped 
loosely around the sides of the coils, and capacity 
will give sufficient coupling through the insulation. 

When using an oscillator of this type to balance 
the tuning condensers of a set the oscillator can be 
connected or coupled to the antenna circuit or first 
Rk. F. coil and adjusted to about 200 meters or 1500 
kilocvcles by setting the dial on the receiver at this 
point, and then adjusting the oscillator until it 
gives maximum sound at the speaker, or maximum 
reading on an output meter connected to the re- 
ceiver in place of the speaker. If the maximum 
sound or reading is too great when the receiver and 
oscillator are tuned to resonance, reduce the fila- 
ment temperature of the oscillator tube by means 
of its rheostat. 

Now with the receiver operating from the cscil- 
lator, adjust the receiver gang condenser to maxi- 
mum volume as indicated bv the speaker or output 
“meter. Then adjust each of the small balancing or 


trimmer condensers to the point where they-give 
best results or increase the output to maximum. 
The condensers are then balanced for that wave 
length. 

Next set the receiver dial at about 500 meters cr 
600 kilocycles and adjust the oscillator to resonance 
with it again. Once more adjust the trimmer or 
balancing condensers to get maximum output from 
the receiver. But when adjusting them this time, 
if it requires a change from their former setting to 
get best results, carefully note just how much 
change is required by ccunting the turns of the ad- 
justing screw or noting their positions, and then 
set each trimmer back just half way between their 
best positions for the two different wave lengths. 
This will balance the gang condenser for best aver- 
age results over the broadcast band. 

The output meter mentioned, is simply an A. C. 
voltmeter which reads the signal variations or am- 
plitude in the plate current of the receiver output. 


102. INTERFERENCE 


The radio service man is often called upon to lo- 
cate and stop radio interference from sources out- 
side the receiver, but which causes such a lot of 
noise or man-made static in the set that it makes 
good reception impossible. 

Radio interference may be caused by nearby elec- 
trical machines or equipment, such as D. C. motors 
with sparking brushes, X-ray or high frequency. 
machines, arc lights, gasoline engines with electric 
ignition, sign flashers, nearby power lines or A. C. 
circuits in the building, defective insulators on high 
voltage lines, or from other radio receivers which 
are in a state of oscillation. 

Then of course there is also the interference from 
natural static or atmospheric electricity, and from 
powerful nearby radio transmitters. Even door bells 
and signal buzzers, and the switching on and off of 
lights in a building will often cause considerable 
interference in sensitive radio receivers. 

A great many noises from such outside interfer- 
ences are often blamed on the receiver, by those 
who are not able to recognize the sounds. Any 
high voltage sparks or arcs such as those caused by 
X-ray machines, ignition equipment, sparking mo- 
tors or trolleys, arc lamps, or leaky power line in- 
sulators, are radiators of high frequency energy and 
serious offenders in the matter of radio interference. 
They produce high frequency energy by oscilla- 
tions set up between the arc or spark and the induc- 
tance and capacity of the circuit in which the are 
occurs. 

X-ray machines generally cause a loud hissing 
or crashing sound in the speaker for intervals of a 
few seconds to a few minutes in length. About the 
best way to prevent radiation of interference from 
X-ravs is to completely shield the machine or the 
room it is in, with wire screen or sheet metal on the 
walls and then thoroughly ground this metal shield. 
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Fig. 125. This sketch illustrates the method of locating a source of 


radio interfernce with a portable receiver and a loop aerial. 


Ignition equipment usually causes a continuous 
put, put, or clicking sound for single cylinder en- 
gines, or a rapid and regular sputtering for multiple 
cylinder engines, such as automobile or airplane 
tvpes. Ignition. interference can usually be pre- 
vented by shielding the spark plug leads and igni- 
tion coils with sheet metal, and the high voltage 
conductors with tubular copper braid, and then 
grounding these shields. A condenser connected 
across the make-and-break contacts in the ignition 
coil primary, and with its case grounded, will also 
help to eliminate interference from this source. 


Either D. C or A. C. motors of the commutator 
type are common sources of radio interference, 
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much of it coming from small motors on washing 
machines, oil burners, refrigerators, fans, etc. 

Interference from this source can be quite effec- 
tively prevented by connecting two condensers of 
the proper voltage rating, and from 2 to 6 mid. 
capacity, across the line to the motor, and then 
grounding the connection between them as shown 
in Fig. 124-A. One or more choke coils in series 
with the supply line will also help to cure the 
trouble. 

The condensers tend to absorb the high frequen- 
cies and pass them to ground, and the choke coils 
block the high frequencies preventing them from 
being carried out on the line and radiated as from 
an antenna. The chokes do not interfere at all with 
the passage of D. C. power current, nor do thev ap- 
preciably attect the passage of 60 cycle A. C. The 
must be made of large enough wire, however, to 
carry the line current without overheating or caus- 
ing appreciable resistance voltage drop. 

The interference filters should be located as close 
to the motors or sources of trouble as possible to 
prevent radiation ot the R. F. energy from the 
lines. 

Interference from sign flashers and certain other 
sources can be largely eliminated by means of a 
filter such as shown for the motor in Fig. 124-A, by 
simply connecting this filter in and across the line 
leads as shown. 

Where interference is 


not filtered out at its 
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Fig. 126. Photo of a radio transmitter used for transmitting weather reports, orders, and instructions to pilots of aircraft while in flight. Such 
Stations as this throughout the country, and the use of radio receivers on planes carryimg passengers and mail, are making aviation much 
safer and more enjoyable (Photo courtesy of National Air Transport Co.) 
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Fig. 127. Front view of a marine type vacuum tube transmitter for use 
on ships for communication and distress signal uses. Vacuum tube 
transmitters of this type are rapidly replacing all spark transmitters. 
(Photo courtesy of Radiomarine Corp. of America.) 


source, 1t will travel over the Ine or the lmht ot 
power Wires, as a sort of “wired wireless for con- 
siderable distance, and either by radiation or con- 
duction will get into any receivers attached to, or 
ucar to that lime- When a hine to which a receiver 
is attached seems to be full of such interference 
energy, a filter such as shown in Fig. 124- can be 
installed between the outlet and the receiver to 
greatly reduce the amount of interference reaching 
the set. This filter consists of both R. F. and A. F. 
chokes in series with the line, and condensers across 
the line. In many cases a less elaborate filter or 
interference eliminator, consisting of two chokes 
and a pair of grounded condensers, will be sufficient 
or will greatly improve the condition. 

Conductors catrviug large amounts of alternat- 
ine current, avillt-oftem. auduce, consiieraile: a\. Cc. 
hum ina nearby receiver, by ordinary low frequency 
magnetic induction. Wires run in grounded conduit 
rarely cause this trouble. 

lf the source or sources of radio interference are 
in the same building with the radio set. they can 
often be located by a general inspection ot the 
premises. 

If the interference seems to be coming from out- 
side the building and no uearby electrical machinery 
can be located, then the trouble may come from a 
nearby high voltage power line, distribution line, 
or arc light citenit. Leaky insulators which occa- 
sionally or continuously spark over, transformers 
with poor insulation, are lamps in operation, or even 


incandescent street lamps of the series types with 
flm cutouts, are all common causes of radio inter- 
ference. 

The source of bad interference, even though it is 
at some distance can be quite easily located by the 
use of a portable receiver and a loop aerial, with its 
directional characteristics. Dy carrving the receiver 
to a location where the interference can be heard, 
and then rotating the loop to a point where the 
sound is loudest, we know that the plane of the loop 
will point in the direction of the source, or that the 
source of interference lies in line with the loop in 
one direction or the other. This is shown by the 
set and loop at A in Fig. 123, and by the solid Hne 
pointing each way from the edges of the loop. 

Lay out this line on a sketch or map of the terri- 
tory and then carry the receiver off a distance of 
a block or so at right angles to the first line, as 
shown at B, and again set the loop for loudest recep- 
tion of the interference. This time we know in 
which direction from the loop edge the source of 
interference Hes, because it must be the direction 
toward one of the other lines as shown by the light 
dotted line in Fig. 125. 

Larv out tlis Hne on the map and notes Wlicre it 
crosses the other, aud you will know just about 
where the trouble comes from. 

Then by going close to this spot and testing once 
or twice more from different angles as shown at C, 
the loop will point as shown by the short, heavy 
dotted line. to the very building, transformer, line 
insulator, street light, or whatever it is that the 
interference comes from. 





Fig. 128 Side view of marine type vacuum transmitter such as shown 
in Fig. 127. (Phote courtesy of Radiomarine Corp. of America.) 


Interference. 





ical power companies are usually glad to co- 
ate in eliminating interference if it is proven 
e coming from their equipment. 


he portable set and loop direction finder can 

» be used for locating badly oscillating regenera- 

e receivers, which radiate serious interference 

it sets up a continuous howl in other receivers 

en a half mile or more away. Radio amateurs or 

-_perimenters who may be transmitting code with- 

ut a license, or.on a poorly tuned transmitter can 

so be located in this manner, and a report to the 

1earest radio inspector will put a stop to their inter- 
ference, 


Observers may think you are looking for a buried 
treasure or a lost radio program, but your search 
will usually be worth while. 


And we are sure that if you frequently refer to 
and make good use of the practical material cov- 
ered in this entire section, and in the entire refer- 
ence set, it will also be extremely well worth your 
while. 


Get the habit of regularly looking in this refer- 
ence set for any practical electrical or radio infor- 
mation you want, and never allow any dust to col- 
lect on it. 

You'll find it like a good tool on the job, very 
valuable if you use it at every opportunity until 
you are really familiar with its every possible use, 
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Fig. 129. This excellent photograph shows a display of a large number of vacuum tubes for radio use. 
the large water-cooled transmitter tubes shown at the left of the upper 


the smiliest receiving tubes at the left end of the lower row to 


rô.. These large transmitter tubes can handle 20,000 watts of power. 
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Fig. 130. Photo of a radio microphone without its case. These micro- 
phones are used in studios of broadcast stations and are similar in 
principle to ordinary telephone transmitters but are much more 
sensitive and accurate. 


but of not much value if allowed to lay and gather 
rust (or dust) and until you forget where it is. 


With your actual shop training and experience on 
the equipment, this reference set and your notes to 
use as reminders, and plenty of real ambition you 
should surely succeed in electricity. 


These tubes range all the way from 


(Photo courtesy of Westinghouse Electric and Mfg. Co.) 


